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PREFACE 

The  following  work  on  the  Economic  Geology  of  the  United  States 
covers  essentially  the  ground  which  is  gone  over  in  the  elementary 
course  in  this  subject  in  Cornell  University,  but  it  is  hoped  that  it 
will  prove  useful  as  a  text-book  in  other  colleges. 

The  mode  of  arrangement  is  markedly  different  from  that  found 
in  other  books  on  the  same  subject,  in  that  the  non-metallic  mate- 
rials are  discussed  first  and  the  ore  deposits  last.  This,  to  the 
author,  seems  the  most  desirable  method  of  treatment,  for  the  reason 
that  the  non-metallics  are  not  only  the  most  important,  the  value 
of  their  production  having  exceeded  the  metallics  by  over  one  hun- 
dred and  fifty  million  dollars  in  1903,  but  also  because  it  leads  from 
a  discussion  of  the  simpler  to  the  more  complex  forms  of  mineral 
deposits. 

It  has  not  been  thought  desirable  to  include  a  chapter  on  geologic 
and  physiographic  principles,  since  the  space  which  could  be  allotted 
to  it  is  altogether  too  small,  and,  moreover,  the  study  of  economic 
geology  presupposes  a  knowledge  of  geology  and  mineralogy  on  the 
part  of  the  student.  While  the  references  given  at  the  end  of  each 
chapter  do  not  include  every  paper  that  has  been  written  on  the  sub- 
ject to  which  they  refer,  still  it  is  believed  that  they  are  sufficiently 
numerous  to  permit  one  to  follow  out  the  subject  in  considerable 
detail  if  he  so  desire. 

In  the  preparation  of  the  manuscript  all  available  sources  of  in- 
formation have  been  freely  drawn  upon,  and  the  numbers  in  paren- 
theses in  the  text  refer  to  the  numbered  references  at  the  end  of  each 
chapter. 

All  statistical  figures,  unless  otherwise  stated,  are  taken  from  the 
reports  of  the  United  States  Geological  Survey. 

Descriptions  of  mineral  occurrences  in  foreign  countries  are  not 
included,  except  in  a  few  cases  where  the  deposits  serve  as  an  im- 
portant if  not  the  only  source  of  supply  for  the  United  States. 

The  writer  wishes  to  express  his  thanks  to  Professor  E.  S.  Tarr 
for  examination  and  criticism  of  much  of  the  manuscript,  and  to 
W.  E.  McCourt,  Instructor  in  Geology,  and  H.  Leighton,  Assistant 
in  Geology,  for  aid  in  the  preparation  of  drawings  and  statistical 
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tables.  For  the  loan  of  photographs  or  cuts  acknowledgments  are 
due  to  Messrs.  H.  F.  Bain,  J.  E.  Spurr,  J.  M.  Boutwell,  G.  H.  Eldridge, 
W.  Lindgr^n,  F.  H.  Oliphant,  and  J.  H.  Pratt  of  the  United  States 
Geological  Survey;  Professor  A.  C.  Lane,  Michigan  Geological  Sur- 
vey ;  Dr  D.  H.  Newland,  New  York  State  Museum ;  Professor  C.  C. 
O'Harra,  South  Dakota.  School  of  Mines ;  Professor  E.  A.  Smith, 
Alabama  Geological  Survey;  Professor  G.  H.  Perkins,  Vermont 
Geological  Survey;  Dr.  H.  B.  KUmmel,  New  Jersey  Geological 
Survey ;  Dr.  W.  B.  Phillips,  Texas  Geological  Survey ;  Dr.  G.  P. 
Merrill,  United  States  National  Museum;  also  to  Messrs.  H.  W. 
Turner,  F.  S.  Witherbee,  A.  W.  Sheafer,  L.  Martin,  Wiley  &  Sons, 
Vermont  Marble  Co.,  and  Bedford  Quarries  Co. 

CORNKLL   UnIVERBITT, 

Ithaca,  N.Y.,  June,  1905. 


y 


PREFACE  TO  THE  SECOND  EDITION 

The  publication  of  a  second  edition  has  become  necessary  in  such 
a  comparatively  short  time,  that  it  has  not  been  deemed  advisable  to 
materially  alter  the  text.  An  attempt  has,  however,  been  made  to 
correct  all  errors  of  which  the  author  has  knowledge.  Recognizing 
the  value  of  fresh  statistics,  those  for  1905  (the  most  recent  available), 
have  been  given  in  an  appendix,  and  for  the  benefit  of  those  who 
make  use  of  the  bibliography,  a  second  appendix  has  been  included, 
containing  a  list  of  the  more  important  papers  published  since  the 
appearance  of  the  first  edition. 

CORNBLL   IJNrVERSITT, 

Ithaca,  N.Y.,  Nov.  10,  1906. 
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PREFACE  TO  THE  THIRD  EDITION 

AiiTHOUGH  it  is  but  little  more  than  four  years  since  the  first 
edition  of  this  work  appeared,  our  knowledge  of  the  subject  of 
economic  geology  has  expanded  to  such  an  extent,  and  so  many 
papers  of  importance  have  been  published,  that  it  was  deemed 
advisable  to  make  a  somewhat  complete  revision  of  the  book« 

In  doing  this  the  author  has  been  guided  partly  by  the  dictates 
of  his  own  experience  as  a  teacher  of  economic  geology,  and  in 
part  by  the  suggestions  of  other  teachers  who  have  found  the  work 
useful ;  to  these  persons  the  writer  expresses  his  grateful  acknowl- 
edgments. 

While  considerable  matter  of  a  general  character  dealing  with 
the  principles  of  the  subject  has  been  added,  a  number  of  additional 
descriptions  of  individual  occurrences  have  also  been  included, 
without  abandoning  the  plan  of  giving  the  moi'e  important  ones  in 
coarser  type. 

As  in  earlier  editions,  the  statistics  given  are  in  all  cases  taken 
from  the  Mineral  Resources  issued  by  the  United  States  Geological 
Survey,  except  some  for  1909,  which  are  from  the  Engineering  and 
Mining  Journal. 

In  the  compilation  of  a  mass  of  data  from  many  scattered  sources, 
such  as  has  been  involved  in  the  preparation  of  this  book,  every 
reasonable  attempt  has  been  made  to  guard  against  errors,  but  it  is 
perhaps  too  much  to  hope  that  none  have  crept  in.  . 

The  author  takes  pleasure  in  here  acknowledging  the  efidcient 
and  tireless  aid  which  has  been  rendered  him  in  the  preparation  of 
this  edition  by  Mr.  C.  A.  Stewart,  Instructor  in  Economic  Geology, 
Cornell  University.  Thanks  are  also  due  for  the  loan  of  photo- 
graphs or  cuts  to :  Mr.  Donald  Steel,  Cornell  University ;  Mr.  F.  L. 
Kansome,  United  States  Geological  Survey ;  Professor  J.  P.  Rowe, 
Missoula,  Mont. ;  Messrs.  D.  H.  Newland  and  H.  Leighton,  New  York 
Geological  Survey ;  Professor  S.  W.  McCallie,  Georgia  Geological 
Survey ;  Dr.  H.  B.  Ktlmmel,  New  Jersey  Geological  Survey ;  The 
Barber  Asphalt  Company,  Philadelphia,  Pa.;  and  the  Pike  Manu- 
facturing Company,  Pike  Station,  N.H. 

Cornell  UwrvERSixT, 
Ithaca,  N.Y.,  June,  1010. 
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CHAPTER  I 
COAL 

Kinds  of  Coal.  —  There. is  such  an  intimate  gradation  between 
vegetable  accumulation  now  in  process  of  formation  and  mineral 
coal  that  it  is  generally  admitted  that  coal  is  of  vegetable  origin. 
By  a  series  of  slow  changes  (p.  11)  the  vegetable  remains  lose 
water  and  gases,  the  carbon  becomes  concentrated,  and  the  ma- 
terials assume  the  appearance  of  coal.  To  the  several  stages 
of  this  process  the  following  names  are  given:  peat,  lignite^  sub- 
bituminous,  bituminous,  semi-bituminous,  semi-anthracite^  and 
anthracite. 

Peat  (119-130.)  —  This,  which  represents  the  first  stage  in  coal 
formation,  is  formed  by  the  growth  and  decay  of  grasses,  sphagnum, 
and  other  plants  in  moist  places.  A  section  in  a  peat  bog  from  the 
top  downward  may  show:  (1)  A  layer  of  living  plants;  (2)  a  layer 
of  dead  plant  fibers,  whose  structure  is  clearly  recognizable  and 
which  grades  into  (3)  a  layer  of  fully  formed  peat,  a  dense,  brownish 
black  mass,  of  more  or  less  jellylike  character,  in  which  the  vege- 
table structure  is  often  indistinct. 

The  following  analyses  show  the  difference  in  composition  of  the 
different  layers.*  They  also  show  that  while  during  this  change 
the  hydrogen  and  oxygen  diminish,  the  carbon  increases  in  propor- 
tion. 

Analyses  of  Different  Layers  of  a  Peat  Boa 


Material 


Sphagnum 

Porous,  light  brown  sphagnum  peat 

Porous,  red-brown  peat 

Heavy  brown  peat 

Heavy  black  peat 


Carbon 


49.88 
50.86 
53.51 
56.43 
59.7 


IIydrooen 


6.54 

5.8 

5.9 

5.32 

5.7 


Oxygen 


42.42 
42.57 


Nitrogen 


1.16 

.77 


40.59 

38.25 

33.04  I   1.56 


'  The  fact  that  sphagnum  occurs  on  the  surface  is  not  necessarily  an  indication 
that  it  was  the  only  peat-forming  plant  present. 
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Lignite.  —  This  substance,  also  called  brown  coal,  represent- 
ing the  second  stage  in  coal  formation,  is  usually  brown  in  color, 
woody  in  texture,  and  has  a  brown  streak.  It  bums  readily,  but 
with  a  long  smoky  flame,  and  with  lower  heating  power  than  the 
higher  grades  of  coal.  Because  of  the  large  amount  of  moisture 
it  often  dries  out  on  exposure  to  the  air,  and  rapidly  disintegrates 
to  a  powdery  mass. 

The  lignites  have  been  found  in  the  more  recent  geological  periods. 
Because  of  the  greater  age  and  the  greater  compression  of  vegetable  matter, 
due  to  the  pressure  of  overljring  strata,  lignite  resembles  true  coal  more 
closely  than  peat.  In  fact,  in  favorable  situations,  the  alteration  of  Ter- 
tiary and  Cretaceous  coals  has  proceeded  as  far  as  to  transform  them  beyond 
the  stage  of  lignite. 

Jet  is  a  coal-black  variety  of  lignite,,  with  resinous  luster  and  suiSicient 
density  to  permit  its  being  carved  into  small  ornaments.  It  is  obtained  on 
the  Yorkshire  coast  of  England,  where  a  single  seam  produced  5180  pounds, 
valued  at  $1250.  According  to  Phillips,  jet  is  simply  a  coniferous  wood, 
still  showing  the  characteristic  structure  under  the  microscope.  ("  Geology 
of  England  and  Wales,"  p.  278.) 

StMntuminous  Coal  or  Black  Lignite.  —  A  grade  intermediate 
between  lignite  and  bituminous,  and  sometimes  difficultly  dis- 
tinguishable from  these.  It  is  often  black,  and  of  brilliant  luster. 
Campbell  (13)  has  pointed  out  that  it  checks  irregularly  on  drying 
and  when  weathered  splits  parallel  with  the  bedding,  while  bitumi- 
nous coal  shows  a  columnar  cleavage. 

Bituminous  Coal.  — :  This  represents  the  fourth  stage  in  coal 
formation.  It  is  denser  than  the  lignites,  deep  black,  compara- 
tively brittle,  and  breaks  with  cubical  or  sometimes  conchoidal 
fracture.  On  superficial  inspection  it  usually  shows  no  trace  of 
vegetable  remains;  but  in  thin  sections  examined  under  the 
microscope,  traces  of  woody  fiber,  lycopod  spores,  etc.,  are  com- 
monly seen.  Bituminous  coal  bums  readily,  with  a  smoky  flame  of 
yellow  color,  but  with  greater  heating  power  than  Ugnite.  It  does 
not  disintegrate  on  exposure  to  air  as  readily  as  lignite  does.  Most 
bituminous  coal  is  of  earlier  age  than  Ugnite;  but  where  the  two 
occur  in  the  same  formation,  as  in  parts  of  the  West,  the  lignite  is 
commonly  in  horizontal  strata,  while  the  bituminous  coal  occurs 
in  areas  of  at  least  sUght  disturbance. 

When  freed  of  their  volatile  hydrocarbons  and  other  gaseous  constituents 
by  heating  to  redness  in  a  coke  oven,  many  bituminous  coals  cake  to  a  hard 
mass  called  coke.  Since  all  bituminous  coals  do  not  possess  this  character- 
istic, it  is  customary  to  divide  these  coals  into  coking  and  non^coking  coals. 
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The  cause  of  coking  is  not  clearly  understood,  and  the  chemical  analysis 
does  not  appear  to  throw  much  light  on  the  matter.  It  has  been  suggested  * 
that  the  quality  of  coking  may  be  due  to  the  presence  of  gelosic  algal,  or  sa- 
propelic matter,  in  the  original  ingredients  of  the  fuel.  A  determination  of 
the  coking  qualities  of  a  coal  has  usually  involved  a  practical  test,  but  it 
now  appears  that  the  ooki&g  qualities  of  a  coal  can  be  inferred  with  fair 
accuracy  by  its  behavior  when  ground  in  an  agate  mortar.  Coals  of  good 
coking  character  stick  to  the  mortar,  while  those  of  opposite  quality  are 
easily  brushed  loose  (28). 

The  coking  value  of  a  coal  (20)  seems  to  be  indicated  with  fair  accuracy 
by  the  hydrogen-oxygen  ratio,  calculated  on  a  moisture-free  basis.     Practi- 

cally  all  coals  with  7r>58  per  cent  seem  to  possess  coking  qualities.    Most 

H  ^ 

coals  with  -pr  down  to  55  make  coke  of  some  kind,  and  a  few  with  ratios  as 

low  as  50  will  coke,  though  the  product  is  rarely  good. 

The  hydrogen-oxygen  ratio  may  fail  as  a  guide  in  those  coals  under- 
going anthracitization. 

The  formation  of  coke  by  natural  processes  is  referred  to  on  p.  4. 

Cannd  Coal.  —  This  is  a  compact  variety  of  non-coking  bitumi- 
nous coal,  with  a  dull  luster  and  conchoidal  fracture.  Owing  to  its 
imusually  high  percentage  of  volatile  hydrocarbons,  upon  which  its 
chief  value  depends,  cannel  coal  ignites  easily,  burning  with  a 
yellow  flame,  and  when  heated  tends  to  decrepitate. 

Semi'-bitumiTums  Coal.  —  This  term  was  proposed  by  H.  D. 
Rogers  as  early  as  1858 '  to  apply  to  those  grades  above  bitumi- 
nous, whose  volatile  matters  were  between  12  and  18  per  cent; 
while  Frazer,  in  1879,^  used  it  to  include  those  coals  whose  "  fuel- 
ratios  "  (p.  13)  ranged  from  8  to  5. 

SemirardkraciU  Coal.  —  This  term  was  employed  by  Rogers  at  the 
same  time,  and  included  those  coals  between  bituminous  and  anthra- 
cite having  less  than  10  per  cent  volatile  matter.  Frazer  later 
included  under  it  those  coals  whose  fuel-ratios  ranged  from  12  to  8. 

Both  terms  persist,  perhaps  unfortunately,  to  the  present  day, 
and  are  sometimes  no  doubt  rather  loosely  used.  Possibly  the 
disagreement  among  different  people  as  to  what  shall  be  included 
under  these  terms  may  be  partly  responsible  for  the  confusion. 

AnihracUe  Coal.  —  This  coal  is  black,  hard,  and  brittle,  with 
high  luster  and  conchoidal  fracture.  It  represents  the  last  stage 
in  the  formation  of  coal,  and  shows  no  traces  of  vegetable  structure 
within  its  mass,  although  plant  impressions  are  often  abundant  in 
the  rocks  immediately  above  and  below  it.  Anthracite  has  a  lower 
percentage  of  volatile  hydrocarbons  and  higher  percentage  of  fixed 

»  White,  D.,  Science,  N.8..  XXVII :  638.       '  GeoloRy  of  Pennsylvania,  II :  983. 
'  Second  Pennsylvania  Geological  Survey,  Rept.  MM :  148,  1879. 
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carbons  than  any  of  the  other  varieties.  On  this  account,  it  ignites 
much  less  easily  and  burns  with  a  short  flame,  but  gives  great  heat. 

The  geological  distribution  of  anthracite  is  more  restricted  than 
that  of  bituminous  coal,  and  in  fact  its  occurrence  is  often  more  or 
less  intimately  connected  with  dynamic  disturbances. 

Carbonite  or  Natural  Coke.  —  This  term  is  applied  to  natural 
coke,  which  is  formed  by  igneous  rocks  cutting  across  bituminous 
coal  seams.  As  illustrative  may  be  mentioned  an  occurrence  in 
central  Utah,*  where  "  dikes  of  igneous  rocks  ten  feet  in  width  have 
cut  vertically  across  the  coal  bed,  nine  to  sixteen  feet  thick,  meta- 
morphosing the  coal  into  a  coke-like  substance  to  a  distance  of  three 
feet  on  either  side.  The  coal  thus  fused  is  distinctly  columnar,  the 
columns  standing  perpendicular  to  the  face  of  the  dike;  it  has  a 
graphitic  luster,  but  is  not  vesicular  Uke  artificial  coke."  Natural 
coke  is  also  found  in  New  Mexico,  Colorado,  and  Virginia. 

The  higher  quantity  of  volatile  matter  in  carbonite  than  arti- 
ficial coke  may  be  due  to  its  having  formed  at  some  depth  below  the 
surface,  thus  preventing  the  escape  of  the  volatile  matter,  short 
heating,  or  enrichment  by  gases  from  the  neighboring  coal. 


Analyses 

OF  Natural  Coke 

I 

II 

III 

Moisture 

Volatile  hydrocarbons  .... 

Fixed  carbon 

Ash 

1.116 
11.977 
75.081 
11.826 

.32 
20.38 
65.90 
13.10 

4.55 

4.43 

84.67 

6.35 

I.  Richmond,  Va.,  coal  basin.  —  Watson,  Min.  Res.  of  Va.,  p.  343,  1907. 
II.  Book  Cliffs  coal  field,  Utah.*— Taff,  Science,  N.S.  XXIII:  696, 
1906.  III.  Cerrillos  Hills  district,  N.M.  —  Johnson,  Sch.  of  M. 
Quart.,  XXIV:  492,  1903. 


Proximate  Analysis  of  Coal.  —  An  elementary  analysis  of  coal 
(see  p.  12)  is  of  comparatively  little  practical  value.  Therefore 
proximate  analyses  are  commonly  employed,  in  which  the  probable 
method  of  combination  of  the  elements  is  given.  By  the  proxi- 
mate method  the  elements  in  the  coal  are  grouped  as  moisture, 
volatile  hydrocarbons,  fixed  carbon,  ash,  and  sulphur.' 

»  Taff.  J.  A..  Science,  N.S.,  XXIII :  696.  1906. 

'  The  proximate  analysis,  though  apparently  a  simple  operation,  needs  to  be 
carefully  carried  out  to  prevent  variable  results.  See  in  this  connection  U.  S.  Geol. 
Surv.,  Prof.  Pap.  48,  I. 
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The  moisture  can  be  driven  off  at  100^  C.  and  is  usually  highest  in  peat 
and  lignite;  the  volatile  hydrooarbons  are  the  easily  combustible  elements, 
and  decrease  toward  the  anthracite  end  of  the  series;  the  fixed  carbon 
bums  with  difficulty  and  is  highest  in  the  anthracite  coals.  The  ash 
represents  nonoombustible  minend  matter  and  bears  no  direct  relation  to 
the  kind  of  coal;  and  the  same  is  true  of  sulphur,  which  is  present  as  an 
ingredient  of  pyrite  or  gypsam. 

The  value  of  coal  for  fuel  or  other  purposes  is  determined  mainly  by  the 
relative  amoimts  of  its  fuel  constituents,  viz.,  the  volatile  hydrooarbons 
and  the  nonvolatile  or  fixed  carbons.  The  fuel  value,  or  fuel  ratio,  is 
determined  by  dividing  the  fixed  carbon  percentage  by  that  of  the  volatile 
hydrocarbons. 

The  fixed  carbon  represents  the  heating  element  of  the  coal,  while  the 
volatile  hydrocarbons  bum  easily,  but  have  little  heating  power.  The 
heating  power  and  fuel  ratio  will,  therefore,  increase  together.  This 
increase  in  the  heating  power  of  the  coal  is  only  true,  however,  up  to  a 
certain  point,  after  which  the  difficulty  in  making  the  coal  bum  offsets  the 
extra  amount  of  heat  developed.  Coals  with  a  high  percentage  of  fixed 
carbon  develop  great  heating  power,  while  those  lower  in  fixed  carbon  and 
high  in  volatile  hydrocarbons  lack  in  heating  power,  but  are  free  burning. 

Moisture  is  a  nonessential  constituent  of  coal.  It  not  only  displaces  so 
much  combustible  matter,  but  requires  heat  for  its  evaporation.  When 
present  in  large  amounts  it  often  causes  the  coal  to  disintegrate  while 
drying  out.  It  ranges  from  perhaps  1  per  cent  in  anthracite  to  20  or  30 
per  cent  in  lignites. 

Ash  also  displaces  combustible  matter,  but  otherwise  it  is  in  most  cases 
an  inert  impurity.  The  clinkering  of  coal  is  commonly  due  to  a  high  per- 
centage of  fusible  impurities  in  the  ash,  and  for  metallurgical  work  the 
composition  of  the  ash  often  has  to  be  considered. 

The  following  analyses  will  also  serve  to  illustrate  the  composition  of  the 
ash:  — 

Ash  Analyses 


Peat,  average  of 

several  .    .    . 

Lignite     .     .     . 

Bituminous  coal 


SiOt 

Al,0, 

Fe*0, 

CaO 

MgO 

MnO, 

SO, 

Na,o. 

K,0 

CI 

25.50 

5.78 

18.70 

24.00 

3.20 

7.50 

1.72 

.60 

30.14 

13.48 

11.70 

23.59 

.88 

3.32 

14.22 

— 

34.32 

14.62 

22.94 

14.85 

1.42 

1.16 

10.97 

— 

P«0, 


2.56 


Sulphur  is  an  objectionable  impurity  in  steaming  coals  on  accoimt  of  its 
corrosive  action  on  the  boiler  tubes.  It  is  also  undesirable  in  coals  to  be 
used  for  metalluigical  purposes  and  gas  manufacture. 

The  following  table  gives  the  proximate  analysis  of  a  number  of  coals 
from  different  parts  of  the  United  States  and  Canada,  the  analyses  being 
arranged  according  to  grades.* 

1  The  type  names  are  in  each  case  those  g^ven  in  the  reports  from  which 
analyses  were  taken. 
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Proximate  Analyses  of  Coal 


LocAurr 


Peat 
Dismal  Swamp,  Va.     .     .     . 

Orlando,  Fla 

Salt-marsh  peat,  Maine    .     . 
Salt-marsh  peat,  Maine    .     . 
Washington  Co.,  Me.  (mois- 
ture free)    

Lignite 
Lehifi^h,  ^tark  Co.,  N.  Dak.   . 
Crockett,  Houston  Co.,  Tex. 

Rockdale,  Tex 

Pickens  Landing,  Ala.  .     .     . 
Pearl  River,  Scott  Co.,  Miss. 

Kootznaboo,  Alas 

Upper  Yukon,  Rampart  prov- 
ince, Alas 

Sub-bituminotis 
Red     Lodge,     Carbon     Co., 

Mont 

Weaver,  N.  Mex 

Tesla,  Alameda  Co.,  Calif.    . 
Cape  Lisburne,  Alas.    .     .     . 

Bituminous 
Warrior,  Jefferson  Co.,  Ala.    . 
Coking  Coal,  Raton  field,  Col. 

Yampa  field,  Col 

Canyon  City,  Col 

Round  Mountain,  Ga.  .     .     . 
Lower  Yukon,  Alas.     .     .     . 

BelleviUe,  111 

Cannel  Coal,  Cannelburg,  Ind. 
Block  coal,  Brazil,  Ind.     .     . 

Hartshorne,  Okla 

Cannel  Coal,  Cumberland  Gap 

field,  Ky 

Fort  Dodge,  la 

Butler,  Ky 

Owosso,  Mich 

Verne,  Mich 

Lexington,  Mo 

Hocking  Valley,  Ohio   .     .     . 
Pittsburg  coal,  Connellsville, 

Pa 

Jellico,  Campbell  Co.,  Tenn. 

Newcastle,  Wash 

Coking  Coal,  Sydney  Mines, 

N  S 
Inverness,  N.S 

Semi-bituminous 

Johnson  Co.,  Ark 

Coal  Hill,  Franklin  Co.,  Ark.  . 

Garrett  Co.,  Md 

Pocahontas,  Tazewell  Co.,  Va. 
Cape  Lisburne,  Alas.      .     .     . 


MOIB- 
TUBB 


20.22 
17.21 


32.64 
34.70 
33.63 
12.40 
13.50 
2.41 

11.42 


11.05 

12.29 

18.51 

9.35 

4.83 
.75 
6.41 
6.21 
.615 
4.68 
5.50 
1.47 
13.82 
1.68 


1.00 

7.48 


7.58 
5.82 
9.24 
5.93 


1.26 
4.40 
7.992 


1.46 


1.10 
2.36 
2.33 
1.63 
3.66 


Vola- 
tile 
Mattes 


62.31 
51.01 
36.13 

29.88 

59.95 

29.19 
32.23 
46.78 
42.20 
39.66 
44.75 

41.15 


35.90 
34.58 
35.33 
38.01 

18.95 

31.13 

37.44 

31.32 

21.011 

31.14 

39.50 

49.08 

35.16 

41.00 

51.60 
39.52 
30.66 
35.70 
39.79 
29.01 
36.48 

31.79 
31.56 
29.031 

38.38 
40.16 

11.27 
12.68 
16.11 
17.17 
17.47 


Fixed 
Cabbon 


24.52 
24.85 
21.66 

12.31 

• 

31.93 

26.75 
21.87 
7.45 
36.60 
36.50 
47.93 

36.95 


42.08 
46.14 
30.67 
47.19 


72. 
57. 
50. 
52. 
75. 
56. 
54. 
26. 
49. 
51. 


76 

07 

22 

47 

956 

62 

60 

35 

96 

91 


Ash 


40.40 
45.54 
54.94 
52.96 
45.15 
42.19 
52.41 

57.79 
61.87 
53.806 

55.65 
44.08 

72.83 
72.88 
68.43 
75.34 
75.95 


6.93 
42.21 
57.81 

8.12 

11.42 
11.80 
12.14 

8.80 
10.34 

4.88 

10.48 


10.97 
6.99 

15.49 
5.45 

3.28 

11.05 

5.93 

11.10 

1.94 

7.56 

5.40 

23.10 

1.06 

5.41 

7.00 
8.44 

11.00 
3.76 
9.24 

15.18 
5.13 

7.16 
1.86 
8.023 

3.27 
15.76 

12.04 

12.08 

13.13 

5.86 

2.92 


Sul- 
phur 


.49 
1.84 
2.19 

.47 

3.54 
.79 
.99 

(4.10) 
.67 

.33 


1.73 
.63 

3.05 
.35 

.17 

.60 

.478 
.48 

1.48 
1.47 
2.72 

.739 
5.28 
2.54 
1.50 
3.83 
4.38 
1.09 

.79 

.31 

1.148 

1.23 
9.87 

2.74 

1.99 

1.49 

.75 

.96 


Fuel 
Ratio 


.47 
.48 
.57 
.41 

.53 

.91 
.67 

1.61 
.86 
.92 

1.07 

.91 


1.17 

1.33 

.86 

1.24 

3.83 
1.80 
1.30 
1.65 
3.61 
1.90 
1.38 
.53 
1.42 
1.26 

.78 
1.16 
1.71 
1.48 
1.13 
1.45 
1.44 

1.81 
1.96 
1.85 

1.45 
1.09 

6.46 
5.74 
4.24 
4.38 
4.46 
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Pboximatb  Analyses  of  Coal — Continued 


LOCALRT 


SeminanihracUe 
Spadra  ootd.  Ark.     .     . 
Bankhead,  Alberta,  Can. 


Anthracite 

Crested  Butte,  Col 

Cerrillos  field,  N.  Mex.  .     .     . 
Mammoth  seam,  W.  Middle 

Field,  Pa 

Mammoth  seam,  N.  Middle 

Field,  Pa 

Tampa  field.  Col 

B^Dg  River,  Alas 

Matanuska  River,  Alas.    .     . 


FXXBD 

Cabbon 

Ask 

Sui/- 

PHUB 

75.43 
83.50 

11.75 
8.00 

.14 

87.46 
88.91 

4.26 
5.21 

.58 

81.143 

11.078 

.899 

83.268 
78.92 
78.23 
84.32 

8.203 
14.65 
7.74 
6.05 

.727 
.59 
1.30 
.57 

FUBL 

Ratio 


8.96 
10.43 

13.05 
27.96 

21.83 

19.00 
22.1 
12.86 
11.90 


Origin  of  Coal  (1-12).  —  It  has  been  shown  that  there  are 
gradations  between  unquestioned  plant  beds  and  mineral  coal, 
and  that  coal,  besides  containing  the  same  elements  as  plant  tissue, 
often  shows  the  presence  of  plant  fibers,  leaves,  stems,  seeds,  etc., 
in  addition  to  their  occurrence  in  the  associated  rocks.  Moreover, 
stumps  or  trunks  of  trees  are  sometimes  found  standing  upright  in  the 
coal,  with  their  roots  penetrating  the  underlying  bed  of  clay  (6, 9), 
just  as  tnmks  of  trees  at  present  stand  in  bogs.  While  these  facts 
point  immistakably  to  a  vegetable  origin  of  coal,  it  is  less  easy  to 
understand  the  exact  manner  in  which  the  great  accumulations  of 
vegetable  matter  have  been  made,  and  the  changes  from  plant 
tissue  to  mineral  coal.  The  several  points,  requiring  explanation 
therefore  are:  (a)  conditions  of  accumulation,  (6)  character  of 
organisms  forming  coal,  (c)  conditions  and  duration  of  initial  pro- 
cess of  organic  decomposition,  and  (d)  nature  of  forces  bringing 
about  subsequent  alteration  of  organic  residues. 

Conditions  of  Vegetable  Accumulation  (5,  9, 12).  —  At  present  there 
are  several  conditions  under  which  plant  remains  accumulate  to 
considerable  depth  over  areas  in  some  cases  of  large  size.  All  of 
these  are  closely  associated  with  water,  either  fresh  or  salt,  because 
plant  remains  falling  in  water  have  their  decay  so  retarded  by  the 
exclusion  of  air  that  accumulation  is  possible.  Of  these  the  follow- 
ing are  the  most  important:  (1)  accumulation  due  to  algae  on  the 
sea  bottom  beneath  a  sargasso  sea;  (2)  marine  swamps,  including 
salt  marshes  and  mangrove  swamps;  (3)  delta  deposits;  (4)  peat 
bogs;  (5)  coastal-plain  marshes. 

While  accumulations  made  in  any  one  of  these  ways  may  form 
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coal  beds,  and  while  individual  beds  may  be  formed  which  are  due 
to  any  of  these  causes,  to  many  of  them  there  are  such  objections 
as  to  render  them  extremely  improbable  as  general  explanations  for 
the  great  number  of  widely  extended  deposits  of  coal.  The  theory 
of  accumulation  from  deposits  of  algsB,  for  example,  demands  deep 
water  of  an  open  ocean  for  the  circulation  of  ocean  currents.  But 
most  coal  beds  are  evidently  formed  either  on  the  land  or  else  in 
shallow  water  of  lakes,  lagoons,  or  seacoast  swamps. 

To  the  theory  of  various  swamps  there  are  two  serious  objections: 
(1)  that  in  such  deposits  as  are  now  forming,  the  currents  are  bring- 
ing more  fragmental  sediments  than  are  commonly  present  in  coal 
beds;  (2)  that  at  present  only  one  kind  qf  tree,  the  mangrove,  is 
adapted  to  growth  in  salt  water.  It  is,  of  course,  possible  that  in 
earUer  ages  the  number  of  trees  adapted  to  this  mode  of  life  was 
far  greater. 

The  theory  of  the  acciunulation  of  vegetable  matter  in  deltas  is 
also  open  to  serious  objections.  Streams  are  bringing  plant  remains 
to  lakes  or  oceans,  and  incorporating  them  in  their  deltas;  but  no- 
where are  such  extensive  accimiulations  now  forming  as  to  make 
large  coal  fields  in  this  manner.  The  perfect  preservation  of  the 
plant  remains  in  coal  measures,  upright  trunks  with  roots  extending 
into  imder  clay,  together  with  freedom  from  sediment,  are  against 
the  theory  that  the  coal  is  formed  by  accumulation  of  transported 
vegetable  matter  (qUochthoiKms  origin).  And  yet,  as  occasionally 
favoring  this  theory,  we  have  coals  without  under  clays,  with  abrupt 
clay  partings,  with  marine  shells,  and  even  marine  Umestone  im- 
mediately pverlying  the  coal.  In  rare  cases  accim^iulations  niay 
have  formed  in  quiet  bays. 

A  more  reasonable  and  T\'idely  accepted  theory  regards  the  vege- 
table matter  to  have  accumulated  by  growth  in  place  {aviockthonous 
origin).  It  is  a  well-known  fact  that  thick  deposits  of  vegetable 
matter,  often  covering  areas  of  several  square  miles,  are  formed  in  the 
peat  bogs  that  in  so  many  places  represent  the  last  stage  of  lake  or 
pond  filling.  Each  of  these  bogs  would,  under  favorable  circum- 
stances, change  to  a  bed  of  coal,  and  some  of  them  are  extensive 
enough  to  form  coal  beds  of  large  size.  But  such  bogs  are,  com- 
pared to  our  larger  coal  fields,  far  too  limited  in  area  to  admit  of  the 
acceptance  of  this  explanation  to  account  for  great  coal  fields  with- 
out assuming  far  more  widespread  bog-forming  conditions  than  any 
at  present  known. 

Perhaps  the  most  perfect  resemblance  to  coal-forming  condition 
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is  that  now  found  on  such  coastal  plain  areas  as  that  of  southern 
Florida  and  the  Dismal  Swamp  of  Virginia  and  North  Carolina. 
Both  of  these  areas  are  very  level,  though  with  slight  depressions 
in  which  there  is  either  standing  water  or  swamp  conditions.  In 
both  regions  there  is  such  general  interference  with  free  drainage 
that  there  are  extensive  areas  of  swamp,  and  in  both  there  are  beds 
of  vegetable  accimiulations.  In  each  of  these  areas  there  is  a  gen- 
eral absence  of  sediment  and  therefore  a  marked  variety  of  vegetable 
deposit.  If  either  of  these  areas  were  submerged  beneath  the  sea, 
the  vegetable  remains  would  be  buried  and  a  further  step  made 
toward  the  formation  of  a  coal  bed.  Reelevation,  making  a  coastal 
plain,  would  permit  the  accumulation  of  another  coal  bed  above  the 
first,  and  this  process  might  be  continued  again  and  again. 

In  support  of  the  theory  that  coal  was  acciunulated  in  some  such 
situation  as  this,  are  a  number  of  facts:  (1)  the  coal  beds  occur  over 
wide  areas  in  sediments  which  were  deposited  near  land  borders 
and  which  may  therefore  have  been  again  and  again  raised  above  sea 
level  to  form  extensive  coastal  plains;  (2)  there  are  evidences  of  land 
conditions  revealed  in  the  workings  of  some  mines;  (3)  the  enormous 
area  of  some  coal  fields  calls  for  some  such  widespread  conditions  as 
coastal  pUdns  might  provide;  (4)  slight  admixture  of  sediment  indi- 
cates the  absence  of  conditions  of  sediment  supply,  e.g.  rivers, 
waves,  tidal  currents,  and  wind-formed  currents;  (5)  vegetable  accu- 
mulations made  in  such  situations  would  require  but  slight  changes 
in  land  level  to  be  buried  beneath  sedimentary  strata  as  the  coal  beds 
have  been. 

Character  of  Organisms  forming  Coal.  —  The  view  that  coals  are 
formed  only  of  woody  tissue  or  leaves  is  a  popular  one,  but  it  is 
known  that  some  cannel  coals  and  splint  coals  are  characterized  by 
great  numbers  of  spores  and  pollen  grains,  and  a  relatively  small 
amount  of  woody  matter.  Boghead  coals  and  oil  shales  have  been 
found  to  be  composed  largely  of  remains  of  certain  gelatinous 
algffi.  It  is  often  difficult  to  say,  however,  what  proportion  of  some 
coals  is  woody  matter  and  what  is  algal  matter,  but  it  is  regarded 
by  some  that  the  latter  may  be  the  dominant  factor  in  forming 
the  properties  of  coal. 

Conditions  of  Decomposition.  —  Two  stages  may  be  recognized  in 
the  coalification  process,  viz.  (a)  the  putrefaction  stage,  which  is  a 
biochemical  process,  and  (6)  the  alteration  or  metamorphic  stage, 
involving  dynamo-chemical  action. 

When  dead  vegetable  matter  accumulates  imder  water,  it  does 
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not  remain  unchanged,  but  undergoes  a  deoxygenation  and  de- 
hydrogenation  process,  which  is  accomplished  by  fermentation 
or  maceration  in  which  minute  plants  (bacteria)  and  also  animals 
take  part.  As  a  result  of  this  the  plant  tissues  break  down  into  a 
somewhat  jelly-like  mass,  the  black  peat,  which  jelly  forms  the  amor- 
phous ground-mass  of  coal  and  cements  the  plant  tissues  and  sedi- 
ment together. 

The  decomposition  of  the  original  cellulose  (CeHwOa)  of  the  plant 
tissue  liberates  substances  such  as  CH4,  as  well  as  COa,  CO,  HgO, 
etc.  It  seems  probable  that  the  jellification  process  leads  no  further 
than  peat,  and  that  for  the  development  of  the  later  stages  dynamo- 
chemical  changes  are  necessary. 

While  in  peat  beds  the  lower  layers  are  under  the  gentle  pressure 
of  the  upper  layers,  still  peat  is  not  changed  even  to  lignite  until 
buried  under  many  feet  of  sediments.  Indeed  heat  and  pressure 
seem  necessary  for  the  change  from  lignite  to  bituminous  coal,  and 
long  periods  of  time  are  apparently  required  for  the  slow  changes  that 
take  place. 

It  has  been  commonly  assumed  that  to  produce  the  higher  grades 
such  as  anthracite,  strong  folding  was  necessary,  in  order  to  develop 
sufficient  heat  and  pressure  for  this  degree  of  metamorphism.  M. 
R.  Campbell  (2, 10)  has,  however,  argued  with  apparent  reason  that 
while  the  chemical  changes  involved  are  induced  by  heat  (of  ordi- 
nary temperature),  still  these  changes  are  retarded  or  prevented 
unless  the  structural  conditions  (presence  of  joints,  etc.)  are 
favorable  for  the  escape  of  the  gaseous  products  of  this  change. 

Thus,  for  example,  the  Pennsylvania  anthracites  are  formed  not 
so  much  because  of  heat  and  pressure,  but  because  of  the  cracking  of 
the  rocks  which  allowed  thorough  oxidation.  The  same  amount 
of  folding  in  the  Pocono  rocks  of  Maryland  has  not  produced  any 
anthracite,  as  the  structural  conditions  were  not  favorable  for  the 
free  escape  of  the  gases. 

Cases  are  known,  where  the  heat  causing  the  changes  is  intense 
and  local,  as  in  the  Cerrillos  coal  field  of  New  Mexico  (80),  or  the 
Crested  Butte  district  of  Colorado  (5B),  where  bituminous  coal  has 
been  locally  changed  to  anthracite  by  a  near-by  igneous  intrusion. 

Some  geologists,  notably  J.  J.  Stevenson,  have  argued  that  the 
anthracite  coal  has  not  been  developed  from  bitiuninous  coal  by 
metamorphism,  but  that  the  volatile  constituents  were  partly 
removed  by  longer  exposure  of  the  vegetable  matter  to  oxidation 
before  burial  (11).    Among  paleobotanists  there  is  also  a  difference 
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of  opinion  as  to  whether  the  succession,  peat,  lignite,  etc.,  is  a 
strictly  lineal  one. 

The  following  theory  of  coal  formation  has  recently  been  ad- 
vanced by  Dowling  (4).  The  death  of  a  plant  is  marked  by  the 
loss  of  power  to  form  oxidized  hydrocarbon  compounds,  conse- 
quently chemical  reactions  are  set  up  in  the  material  of  the  dead 
plant.  The  formation  of  compounds  of  oxygen  and  carbon  is  the 
first  evidence  of  decay.  With  the  escape  of  these  gases  the  hydro- 
carbons left  behind  become  unstable,  and  loss  of  marsh  gas  follows. 
If  fermentation  accompanies  decay,  new  hydrocarbon  compounds 
are  formed  by  this  parasitic  form  of  life  and  the  reduction  of  oxy- 
gen is  accomplished  without  great  loss  of  hydrogen  which  is  the 
element  that  gives  character  to  the  material,  especially  when  in  the 
coal  stage.  When  solidified  by  superposed  load,  the  fermentation 
is  arrested  and  pressure  and  heat  cause  the  subsequent  alteration. 
Static  pressure  favors  the  combination  of  oxygen  with  carbon  or 
hydrogen.  Heat  causes  the  combination  of  carbon  with  oxygen  or 
hydrogen.  Pressure  effects  the  alteration  without  loss  of  carbon, 
while  heat  wastes  it. 

Chemical  Changes.  —  The  chemical  changes  referred  to  above 
may  be  illustrated  by  the  following  chemical  equations  (19,  p.  26): 

VsaBTABUB  TU6UB»  L0S8  BT  DSOOMFOSITION  CoALS 

(1)  SCJIiA    =   6C0,  +  CO    +    3CH4  +  8H/)  +  C»Ha04 

Cellulose  Carbon  oxides  Aiarahgas        Water  Lignite 

(2)  6CJI»0,    =      SCO,  +  CO  +  5CH4  +  10H.O  +  CmHmO 

Cellulose  Carbon  dioxide  Marsh  gas  Water  Bituminous 

(3)  7CJImO,    =        SCO,    +    4CH4  +  19H,0  +  C»Hi.O 

Cellulose  Carbon  dioxide         Marsh  gas  Water        Semi-bituminous 

These  equations  are  not  intended  to  indicate  that  there  is  neces- 
sarily a  direct  passage  from  cellulose  to  semi-bituminous  coal, 
without  the  development  of  intermediate  stages;  and  to  bring  out 
this  lineal  succession  as  well  as  to  show  the  changes  by  a  graphical 
method  we  may  use  the  following  diagram  (Fig.  1)  prepared  by  the 
late  Professor  Newberry. 

In  this  diagram  the  rectangle  A  BCD  represents  a  given  volume 
of  fresh  vegetable  matter,  which  contains  a  small  percentage  of 
mineral  matter,  the  rest  being  organic  substances  consisting  roughly 
of  50  per  cent  carbon  (EFCD)  and  50  per  cent  hydrogen,  oxygen, 
and  nitrogen  (ABEF),  In  the  change  from  fresh  vegetable  tissue 
to  peat,  part  of  these  four  elements  pass  off  as  gaseous  compounds, 
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so  that  the  remaimng  volume  of  peat  is  less  {BGD  H)  than  the  origi- 
nal volume  of  vegetable  matter  (ABCD)..  Since,  however,  H,  O, 
and  N  have  passed  off  in  larger  amounts  than  the  carbon,  the  per- 
centage of  the  latter  in  the  peat  will  be  higher  than  it  was  in  the 
fresh  plant  tissue.  (Compare  BFX}I  and  FIDH  with  ABEF  and 
EFCD.)    The  actual  weight  of  mineral  matter  will  be  the  same, 
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Fia.  1.  —  Diagram  showing  changes  occurring  in  paasage  of  vegetable  tissue  to 

graphite.     {After  Newberry.) 

but  its  percentage  will  be  larger.  This  change,  continued,  will 
result  finally  in  anthracite,  the  last  of  the  coal  series,  in  which  the 
per  cent  of  carbon  (LKMN)  is  high  and  that  of  the  other  organic 
elements  low  {JKL).  The  amount  of  compression  that  occurs  in 
such  changes  as  those  illustrated  in  the  diagram  may  be  understood 
when  it  is  stated  that  it  is  estimated  that  from  16  to  30  feet  of  peat 
are  required  to  make  one  foot  of  true  coal. 

The  following  elementary  analyses  of  peat,  lignite,  and  various 
grades  of  coal  clearly  illustrate  this  gradual  concentration  of  carbon 
by  losses  of  volatile  elements. 


Elementary  Analyses  of  Coals 


Kind 

C 

H 

0 

N 

s 

Aah 

MOXBTUBB 

Peat 

59.47 

6.52 

31.51 

2.51 

^_ 

22 

lignite 

52.66 

5.22 

« 

27.15 

.71 

2.02 

12.24 

Sub-bituminous     .    .    . 

58.41 

5.06    28.99 

1.09 

.63 

4.79 

Bituminous 

82.70 

4.77 

9.39 

1.62 

.45 

1.07 

— 

Semi-bituminous    .    .    . 

83.14 

4.58 

4.65 

1.02 

.75 

5.86 

— 

Anthracite 

90.45 

2.43 

2.45 

4.67 

Classification  of  Coals.  —  At  the  present  time  a  number  of  kinds  of  coal 
are  recognized  in  the  United  States  and  Canada,  whose  differentiation 
depends  on  their  physical  and  chemical  properties.  But  even  these  few 
type  names  are  often  used  in  a  rather  loose  way. 
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Perhaps  the  first  unportant  attempt  at  classification  was  that  of 
P.  Frazer,  Jr.,  based  on  the  fuel  ratio  (17).     This  was  as  follows:  — 

Fuel  Ratio 

Anthracite 100-12 

Semi-anthracite 12-  8 

Semi-bituminous S-  5 

Bituminous « 5-0 

Objections  which  have  been  urged  against  this  are  that  all  coals  with  a 
fuel  ratio  of  less  than  5  are  grouped  into  one  class  and  no  provision  made 
for  lignite.     It  also  groups  good  and  poor  bituminous  coals  together. 

Collier  (15)  proposed  that  all  coals  having  a  moisture  content  of  over 
10  per  cent  should  be  classed  as  lignite  and  those  with  less  as  bituminous, 
but  this  differentiation  has  been  shown  to  be  unreliable. 

M.  R.  Campbell,  while  agreeing  to  the  usefulness  of  the  fuel  ratio  classi- 
fication for  coals  above  the  bituminous  grade,  criticised 'its  application  to 
ooaLs  of  this  type  or  lower  ones,  and  suggested  a  provisional  classification 
based  on  the  carbon-hydrogen  ratio  (14).^ 

Group  g 

A  (Graphite) oo 

^    Anthracite ?-30  (?) 

D  Semi-anthracite 26  (?)-23  (?) 

E  Semi-bituminous 23  (?)-20 


P 
G 
H 
I 


Bituminous 


20-17 
17-14.4 
14.4-12.5 
12.5-11.2 


J  Lignite 11.2-9.3 

EPeat 9.3-? 

LWood 7.2 

This  table  is  likewise  faulty,  as  it  does  not  completely  separate  the 
peats,  lignites,  sub-bituminous,  and  even  some  of  the  bituminous  coals. 

Parr  (19),  in  attempting  to  make  a  satisfactory  classification,  points  out 
that  the  term  voUUile  combustible  is  incorrect  as  it  consists  of  combustible 
hydrocarbons  and  noncombustible  H,  O,  and  N.  Thus  in  a  Pocahontas 
coal  with  18.70  per  cent  volatile  combustible,  14.5  per  cent  is  hydrocarbons 
and  4.2  per  cent  hydrogen,  oxygen,  and  nitrogen.  Again,  a  North  Dakota 
lignite  had  41.91  per  ent  volatile  combustibles,  made  up  of  20.28  per  cent 
hydrocarbons  and  21.63  per  cent  hydrogen,  oxygen,  and  nitrogen.  In  a 
logical  classification,  therefore,  allowance  should  be  made  for  this  inert 
volatile  matter. 

In  Parr's  classification  the  terms  used  are:  re,  or  volatile  carbon  unasso- 
ciated  with  hydrogen,  obtained  from  C  —  fc  (total  carbon  minus  fixed  carbon) ; 

1  Campbell  found  that  subdivisions  based  on  total  carbon,  total  hydrogen,  and 
calorific  value  were  all  unsatisfactory. 
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C,  or  total  carbon  as  determined  by  analysis;  and  inert  volatile  matter,  ob- 
tained by  subtraotinc:  from  100  per  cent  the  sum  of  total  carbon,  available 
hydrogen,*  sulphur,  ash,  and  water. 

It  will  be  seen  that  Parr's  classification,  which  follows,  requires  data  from 
both  the  elementary  and  the  proximate  analysis  of  the  coal. 


Pabr's  Classification. 


Anthra- 
citic 


Coals 


Bitumi- 
nous 


Anthracites  Proper 

Semi-Anthracite 

Semi-Bituminous 


Bituminous  Proper 


Black  Lignites 


Brown  Lignites 


B 


D 


Ratio  ^  below  4%. 

Ratio  ^  between  4%  and  8%. 

Ratio  ^  from  10%  to  15%. 


Ratio  ^  from  20  %  to  32  % . 
Inert  volatile  from  5  %  to  10  %, 


Ratio  ^  from  20%  to  27%. 
Inert  volatile  from  10  %  to  16  %. 


Ratio  ^ from  32%  to  44%. 
Inert  volatile  from  5  %  to  10  %. 


Ratio  ^  from  27  %  to  44%. 
Inert  volatile  from  10  %  to  16%, 


Ratio  ^  from  27  %  up. 

Inert  volatile  from  16  %  to  20  %. 


Ratio  ~  from  27  %  up. 

Inert  volatile  from  20  %  to  30  %. 


Grout's  classification  (18)  is  expressed  by  the  formula: 

Fixed  carbon 


100  —  Fixed  carbon* 

based  on  ptu*e  coal.     He  makes  the  following  classes:  — 

Fixed  carbon,  over  99  per  cent. 

Fixed  carbon,  over  93  per  cent. 


Graphite   . 
Anthracite 


»  That  paxt  of  hydrogen  content,  excluding  the  hydrogen  united  with  oxygen  to  foim 
water,  which  ia  free  to  enter  into  combustion  with  oxygen  for  the  production  of  heat. 
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Semi-anthracite  ....  Fixed  carbon,  83  per  cent  to  d3  per  cent. 
Semi-bituminous  ....  Fixed  carbon,  73  per  cent  to  83  per  cent. 
Bituminous 

Hiirh  made  (  ^^^  carbon,  48  per  cent  to  73  per  cent. 

1  Total  carbon,  82  per  cent  to  88  per  cent. 

Low  irrade  1  ^^®^  carbon,  48  per  cent  to  73  per  cent. 

1  Total  carbon,  76.2  per  cent  to  82  per  cent. 
Cannel  I  ^^®^  carbon,  35  per  cent  to  48  per  cent. 

1 1'o^  <)^^ii>  76.2  per  cent  to  88  per  cent. 
Black  lisnite  I  ^^^  carbon,  35  per  cent  to  60  per  cent. 

1  Total  carbon,  73.6  per  cent  to  76.2  per  cent. 

Brown  lignite  1  ^^®^  carbon,  30  per  cent  to  55  per  cent. 

1  Total  carbon,  65  per  cent  to  73.6  per  cent. 

Peat  and  turf     .     .    .    .    i      f  Fixed  carbon,  below  55  per  cent. 

\  Total  carbon,  below  65  per  cent. 
Wood 

D.  B.  Dowling  (16)  notes  that  one  objection  to  Campbell's  ^  classifica- 

tion  is  the  necessity  for  having  an  elementary  analysis,  which  is  rarely 
made,  costly,  and  time  requiring.  As  a  substitute  for  Campbell's  classifi- 
cation, he  substitutes  what  he  has  provisionally  termed  the  '*  split  volatile 
ratio  "  viz  Fixed  carbon  +  h  volatile  combustible . 

Moisture  +  J  volatile  combustible 
An  arrangement  of  a  series  of  coals  by  this  method  and  also  Campbell's 

^ ratio  does  not  indicate  great  disagreement;  moreover,  Dowling's  dassifica- 

tion  has  the  advantage  of  being  based  on  the  proximate  composition.  He 
makes  the  following  subdivisions :  — 


Gaouv. 

Split  Vol.  Ratio 

Anthracite 

Semi-anthracite 

15  up 
13-15 

Anthracite  coal 

10-13 

High  carbon  bituminous 

Bituminous 

6-10 
3.5-6 

Low  carbon  bituminous 

Lignitic  coal      .     ,     .     ,     , 

3-3.5 
2.50-3 

Liimite ' x     .     .     . 

1.20-3.50 

More  recently,  Campbell  has  suggested  the  recognition  of  two  classes  of 
coal  below  bituminous,  calling  the  upper  grade  "  sub-bituminous"  and  the 
lower  grade  "  lignite."  He  suggests  that  the  manner  of  weathering  be  used 
as  a  criterion  for  separating  the  bituminous  from  the  sub-bituminous,  the 
former  cleaving  into  prisms,  while  the  latter  checks  irregularly  on  drying, 
and  when  weathered  on  the  outcrop  cleaves  into  plates  parallel  to  the 
bedding.  The  sub-bituminous  coals  with  their  black  color  he  claims  can  be 
distinguished  from  lignites,  because  the  latter  are  brown. 
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WhUe'»  Clatsxfieation.  —  White  (20)  has  shown  that  if  a  series  of  coala  of 
difFereot  ages,  kiada,  and  reKioos  are  plotted  aticording  lo  the  C  :  (0  +  ash) 
ratios  and  oaJorifio  values  as  components,  they  describe  a  curve,  which 
shows  a  close  relation  between  the  increase  of  the  above  mentioned  ratio 
and  the  calorific  power.  Weathered  oosJa,  those  haviDjE  over  78  per  cent 
fixed  carbon  in  pure  coal,  and  the  bughead-cannel  group  (high  in  hydrogen) 
are  the  greatest  variants.  Oxygen  is  ranked  with  ash  in  this  ratio  because 
the  two  are  approximately  equal  in  anti-caloriflo  potency.  This  ratio  can- 
not be  used  as  a  basis  for  separation  into  kinds,  such  as  peat,  lignite,  etc. 

Structurs]   Features  of   Coal  Beds. — Outcrops  (24,  25),  —  The 

outcrop  of  a  coal  bed  is  usually  easily  recognizable  on  account  of  its 

color  and  coaly  character;  but  unless  the  exposure  is  a  rather  fresh 

one,  the  material  is  disintegrated  and  mellowed,  the  wash  from  it 

mingling  with  the  soil,  and  if  the  outcropping  bed  is  on  a  hillside, 

often  extending  some  feet  down  the  slope.    This  weathered  outcrop 

has  been  termed  the  "  smut "  or  "  blossom  "  by  coal  miners.    In 

areas  where  the  beds  have  been  tilted  and  the 

slopes  are  steep,  the  outcrops  of  coal  can  usually 

be  easily  traced;  but  in  regions  where  the  dip  is  low 

and  the  surface  level,  the  search  for  coal  is  often 

attended  with  difficulty,  which  is  increased  if  the 

country  is  covered  with  glacial  drift.     In  such  cases 

boring  or  pitting  is  commonly  resorted  to. 

The  number  of  coal  beds  found  in  any  given 
region  varies,  and  may  at  times  be  large.  Thus  in 
the  Pennsylvania  section,  as  many  as  20  beds  are 
known;  in  Alabama,  at  least,  55  have  been  counted, 
but  not  all  are  workable;  while  in  Indiana  there  are 
25,  of  which  3  are  minable  over  large  areas.  The 
beds  are  rarely  parallel,  and,  moreover,  thin  out  if 
followed  any  distance. 

Aaaociated  Rocks.  —  Most  coal  beds  are  inter- 
bedded  with  shales,  clays,  or  sandstones,  though 
conglomerates  or  limestones  are  at  times  also  found 
in  close  proximity.  Coal  beds  are  often  underlain 
by  a  bed  of  clay,  which  in  some  regions  is  of  refrac- 
tory character  (Fig,  2);  but  the  widespread  belief 
in  coal  meaw^  ^^^^  ^'  these  under  clays  are  fire  clays  is  un- 
orneaternPeim-    warranted. 

Bylvania,  show-  Voriatiims  in  Thickness. — Coal  beds  or  "  seams  " 
^darooailMd^  are  rarely  of  uniform  thickness  over  large  areas; 
iAfitr  Hopkint.)  indeed,  a  bed  which  Is  of  sufficient  thickness  to 
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work  in  one  mine  may  be  so  thin  in  &  neighboring  one  as  to  be 
scarcely  noticeable.  Tiiie  irregularity  is  in  some  cases  due  to 
variations  in  thickness  of  vegetable  accumulations,  in  other  cases 
to  local  squeezing  of  the  coal  bed  subsequent  to  its  formation. 


These  thinnings  and  thickenings  are  commonly  called  "pinchings" 
and  "swellings"  (Fig.  3).  In  re^ons  of  pronounced  folding,  the 
beds  are  usually  found  in  separate  synclinal  basins,  the  intervening 
anticlinal  folds  having  been  worn  away. 

Other  Irregularities.  —  Splitting  (Fig.  3)  is  a  common  feature  of 
many  coal  seams.  The  Mammoth  bed,  so  prominent  in  most  of  the 
aathracite  basins  of  Pennsyl- 
vania, splits  into  three  sepa- 
rate beds  in  the  Wilkesbarre 
basin.  This  splitting  is 
caused  by  the  appearance  of 
beds  of  shale  (called  "slate" 
by  coal  miners),  which  often 
become  so  thick  as  to  split  up 
the  coal  seam  into  two  or 
more  beds.  When  narrow, 
such  a  bed  of  slate  is  called  a 
parting.  The  Pittsburg  seam 
of  western  Pennsylvania  shows  a  fire-clay  parting  or  "  horseback  " 
from  six  to  ten  inches  thick  over  many  square  miles. 

An  interestiiig  case  of  parting  is  found  in  the  13-foot  seam  at  InvemeBS, 
Mova  Scotia.  At  the  outcrop  this  showed  three  shale  partings,  of  1  foot,  9 
inches,  and  1 1  inches  respectively.  At  2500  feet  down  the  dip,  these  part- 
ings had  increased  to  19,  3,  and  22  feet  respectively.  A  7-foot  seam,  lying 
2S4  feet  below  the  IS-foot  one,  maintained  its  thickness,  however,  for  this 
same  distance  on  the  dip. 

In  addition  to  these  "  slate  "  partings,  which  run  parallel  with  the 
beddii^,  others  are  often  encountered  which  cut  across  the  beds 
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from  top  to  bottom.  These  in  some  cases  represent  erosion  channels 
formed  in  the  coal  during  or  subsequent  to  its  formation,  and  later 
filled  by  the  deposition  of  sand  or  clay.  In  other  cases  they  are  due 
to  the  filling  of  fissures  formed  during  the  folding  of  the  strata. 

Coal  beds  may  pass  into  shale,  the  latter  representing  possibly 
islands  of  mud  or  ridges  which  arose  above  the  level  of  the  marsh  in 
which  the  coal  plants  accumulated. 

Faulting  (Fig.  4)  is  not  an  uncommon  featjure  of  coal  beds, 

and  the  coal  is  sometimes  badly  crushed  on  either  side  of  the  line  of 

fracture.    The  amount  of  throw  and  the  number  and  kinds  of  faults 

may  vary,  so  that  one  might  expect  normal,  reverse,  overthrust, 

and  even  step  faults. 

Weathering  of  Coals.  —  Parr  and  Hamilton  (27),  as  a  result  of  their 
investigations  of  the  weathering  of  coal,  concluded  that  submerged  coal 
does  not  lose  appreciably  in  heat  value,  but  that  outdoor  exposure  results 
in  a  loss  of  heating  value  varying  from  2  to  10  per  cent.  Dry  storage  is 
only  of  advantage  for  high  sulphur  coals,  where  the  disintegrating  effect  of 
sulphur  in  process  of  oxidation  facilitates  escape  of  hydrocarbons  by  oxi- 
dation of  the  same.  Storage  losses  usuaUy  appear  to  be  complete  at  end 
of  five  months. 

Coal  Fields  of  the  United  States.^  (PI.  I.)  —  Coal  in  commercial 
quantities  occurs  in  thirty-three  states  and  territories,  as  well  as  in 
Alaska.    These  occurrences  can  be  grouped  into  the  following 

fields: —  Area. 

SQ.   MI. 

(1)  Appalachian,  including  parts  of  Pennsylvania,  Ohio, 

Maryland,  Virginia,  West  Virginia,  Eastern  Kentucky, 
Tennessee,  Georgia,  and  Alabama 69,812 

(2)  AUaniic  Coast  Triassic,  including  parts  of  Virginia  and 

North  Carolina 210 

(3)  Eastern  Interior,  including  parts  of  Indiana,  Illinois, 

and  western  Kentucky 48,500 

(4)  Northern  Interior,  including  parts  of  Michigan    .     .     .  11,000 

(5)  Western  Interior,  including  parts  of  Iowa,  Missouri,  Ne- 

braska, Kansas,  Oklahoma,  and  Arkansas    ....  71,664 

(6)  iS^oti/Ati^es^ernyle^d,  including  parts  of  Texas 13,500 

(7)  Gidf  Coast  Lignite  field,  including  portions  of  Alabama, 

Mississippi,  Louisiana,  Arkansas,  and  Texas    .     .     .  84,300 

(8)  Rocky  Mountain  field,  including  parts  of  Colorado,  Ari- 

zona, New  Mexico,  Utah,  Wyoming,  Idaho,  Montana, 

North  Dakota,  South  Dakota 195,960 

(9)  Pacific  Coast  Field,  including  parts  of  Washington,  Ore- 

gon, and  California 1,830 

486,576 

(10)  Alaska 

I  The  Rhode  Island  area  of  graphitic  anthracite,  formerly  included  in  this  list,  is 
referred  to  under  Graphite. 
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The  estimates  of  areas  given  above  are  from  calculations  made  by  the 
United  States  Geological  Survey,  and  are  to  be  regarded  as  fairly  accurate, 
but  some  of  these  fields  may  be  extended  in  the  future  by  the  development 
of  areas  now  classed  as  unproductive.  .  This  applies  especially  to  those  in 
which  the  ooal  lies  too  deep  to  be  profitably  mined  at  present.  It  is  a 
noteworthy  fact  that  the  production  of  the  fields  is  by  no  means  propor^ 
tiomd  to  their  areas  (compare  above  list  with  table,  p.  39).  Proximity 
to  markets,  value  of  the  coal  for  fuel,  and  relative  quantity  of  coal  per 
square  mile  of  productive  area  are  factors  of  importance  in  determining 
the  output  of  a  field. 

Geologic  Distribution  of  Coals  in  the  United  States. — The  coal- 
bearing  formations  of  the  United  States  range  in  age  from  Carbonif- 
erous to  Tertiary.  The  Carboniferous  coals  occur  east  of  the  100th 
meridian  and  on  the  whole  include  the  the  best  coals  of  the  country. 
The  higher  grades  occur  in  the  anthracite  regions  of  Pennsylvania 
and  Arkansas.  Cretaceous  coals  lie  between  the  100th  and  115th 
meridian,  and  Tertiary  coals  chiefly  between  the  120th  meridian  and 
the  Pacific  coast.  Exceptions  to  this  distribution  are  the  occurrence 
of  a  small  area  of  Triassic  coals  in  Virginia  and  North  Carolina, 
and  a  large  area  of  Tertiary  lignites  in  the  Gulf  states.  This  indi- 
cates that  during  the  coal-forming  periods  there  was  in  North 
America  a  slow  westward  shifting  of  the  zone  in  which  conditions 
favorable  to  coal  formation  occurred,  the  only  exceptions  being 
those  mentioned  above. 

The  Carboniferous  coals  are  commonly  grouped  into  several  well- 
mttrked  and  clearly  separated  areas;  but  this  isolation  is  probably 
the  result  of  folding  and  erosion,  all  excepting  the  Michigan  field 
having  apparently  been  originally  continuous.*  To  a  certain  ex- 
tent the  same  is  true  of  the  Rocky  Mountains  coal  fields.  These 
have  often  been  seriously  disturbed  by  post-Cretaceous  uplifts 
which  in  many  instances  have  improved  the  qualities  of  the  coal. 
As  a  whole,  the  Tertiary  coals  are  medium  to  low  grade,  though  in 
some  sections,  notably  in  Washington,  they  are  of  excellent 
quality. 

Estimated  Tonnage  of  the  Various  Fields.  —  Much  attention  has  been 
given  in  the  last  few  years  to  the  necessity  of  conserving  the  coal  supply, 
for  this  material  has  been  mined  in  a  wasteful  manner.  The  following 
table  gives  the  estimate  prepared  by  the  United  States  Geological  Survey, 
the  quantity  of  coal  contained  in  the  several  fields  being  given: ' — 

>  Ashley,  Eoon.  Geol.,  II :  659,  1907. 

*  This  fl;roupiiiK  is  somewhat  different  from  that  adopted  in  this  book  and  indeed 
by  mobt  writers. 
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Tonnage  (Short  Tons)  by  Provinces  and  Accebsibilitt 


Arba 

OaiOiNAL  Coal  Supply 

PROVINCB 

Amount  Easily 
Acceesible 

Amount  Accessible 
with  Difficulty 

Total 

1.  Eastern  . 

2.  Interior  . 

3.  Gulf  .     . 

4.  Northern 
or    Great 
Plains 

5.  Rocky 
Mountain 

6.  Paoifio 
Coast 

Sq.  Miles 

70,022 

144,664 

84,300 

103,564 

92,396 

1,830 

Tons 

555,634,000,000 

406,667,000,000 

13,045,000,000 

521,793,000,000 

414,740,000,000 

11,100,000,000 

Tons 

8,000,000,000 
91,000,000,000 
10,045,000,000 

• 

459,000,000,000 

574,280,000,000 

10,900.000,000 

Tons 

563,634,000,000 

497,667,000,000 

23,090,000  000 

980,793,000,000 

989,020,000,000 

22,000,000,000 

Total      . 

496,776 

1,922,979,000,0001,153,225,000,000 

3,076,204,000,000 

The  distribution  of  this  original  supply  of  coal,  according  to 
grades  and  accessibility,  is  also  shown  below. 

Tonnage  (Short  Tons)  by  Grades  op  Coal  and   Accessibility 


Kind  of 

Area 

Coal 

Sq.  Miles 

Anthracite 

and  bitu- 

minous . 

250,531 

Sub-bitu- 

minous . 

97,636 

Lignite.    . 

148,609 

Total  .    . 

496,776 

Original  Coal  Supplt 


Amount  Easily 
Accessible 


Tons 


1,176,727,000,000 

356,707,000,000 
389,545,000,000 


Amount  Accoasible 
with  Difficulty 


Tons 


1,922,979,000,000 


505,730,000,000 

293,450,000,000 
354,045,000,000 


1,153,225,000,000 


Easily  Acceaaible 
and  Available 


Tons 


1,176,727,000,000 


216,252,000,000 


1,392,979,000,000 


It  should  be  said  that  the  limit  of  workable  depth,  based  on  foreign 
experience,  is  3000  feet  for  coal  and  1000  feet  for  lignite.  Twenty 
inches  is  regarded  as  the  minimum  minable  thickness  of  bed  for  coal  and 
3  feet  for  lignite.  If  the  rate  of  increase  which  has  held  for  the  last  fifty 
years  is  maintained,  the  supply  of  easily  available  coal  will  be  exhausted 
before  the  middle  of  the  next  century. 

Appalachian  Field  (33,  36,  39,  91,  99,  100,  101,  etc.).— This, 
the  most  important  coal  field  in  the  United  States,  extends  850 
miles,  from  northeastern  Pennsylvania  to  Alabama.    It  shows 
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a  maximum  of  180  miles  at  the  northern  end,  narrows  to  less  than 
30  miles  in  Tennessee,  and  expands  again  to  85  miles  in  Alabama. 
About  75  per  cent  of  its  area  contains 
workable  coal.  At  the  southern  end  the 
coal  measures  pass  beneath  the  coastal  plain 
deposits,  and  they  may  connect  with  the 
Arkansas  Coal  Measures  beneath  the  Missis- 
sippi embayment. 

Being  closely  associated  with  the  Appala- 
chian Mountain  uplift,  the  coal  measures  of 
this  region  partake  of  the  structural  features 
of  the  Appalachian  belt.  The  eastern  margin 
of  the  field  borders  on  a  belt  of  steeply  folded 
strata,  forming  the  Appalachian  Valley,  and 
hence  the  coal-bearing  formations  are  much 
folded  here  (Fig.  5,  9),  while  at  the  southern 
end  of  the  field  they  are  faulted  in  addition 
(Fig.  5).  Extensive  erosion  following  the 
folding  of  the  coal  measures  has  resulted  in 
the  development  of  a  number  of  basins. 

The  coal  measures  of  the  Appalachian 
field  consist  of  a  great  thickness  of  over- 
lapping lenses  of  conglomerate,  sandstone, 
limestone,  shale,  fire  clay,  and  coal.  The 
formations  in  general  show  a  thinning  from 
the  eastern  margin  of  the  field,  westward,  as 
well  as  showing  a  decrease  in  the  number  and 
thickness  of  the  beds.  Owing  to  the  lenticu- 
lar character  of  the  deposits,  and  the  local 
thickenings,  it  is  difficult  to  trace  individual 
beds  of  coal  over  wide  areas,  or  correlate 
sections  at  widely  separated  points. 

The  middle  Carboniferous,  or  Pennsyl- 
vanian  includes  most  of  the  coal  beds  of  the 
Appalachian  field,  but  there  are  some  also  in 
the  upper  Carboniferous  and  in  the  Pocono 
of  the  lower  Carboniferous  or  Mississippian. 

The  classic  section  of  the  Coal  Measures,  first  worked  out  in  Penn< 
Bylvania,  was  as  follows:  — 

(1)  Dunkard  or  Upper  Barren  Measures. 

(2)  Monongahela  or  Upper  Productive  Measures. 
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(3)  Conemaugh  or  Lower  Barren  Measures. 

(4)  Alleghany  or  Lower  Productive  Measures. 

(5)  Pottsville  conglomerate. 

At  the  time  it  was  made  the  second  and  fourth  members  were 
thoi^t  to  be  the  only  ones  carrying  coal,  and  hence  the  name  "  Pro- 
ductive"; but  since  then  the  Pottsville  has  been  found  to  be  locally 
productive,  and  a  few  seams  have  been  found  even  in  the  Barren 
Measures.     By  some  the  Dunkard  series  is  now  placed  in  tbe  Fer- 

The  divisions  named  above  are  recognizable  also  in  Ohio,  West 

Virginia,  and  Maryland,  but  farther  south  the  identification  of  all 

becomes  difficult. 
The  Appalachian  field  is  divisible  into  two  parts  of  very  unequal 

size,  viz,  (1)  the  anthracite  field  of  northeastern  Pennsylvania; 

and  (2)  the  bituminous  area,  which  occupies  the  balance  of  the 

field.' 

Pennsylvania  Anthraciie  Field  (100).  —This  field  (Fig.  6)  lies 

in  the  central  part  of  the  state,  covering  an  area  of  about  3300 
square  miles,  about  one-seventh 
of  which  is  underlain  by  work- 
able coal  measures.  The  field 
has  four  main  subdivisions, 
known  respectively  as  the  north- 
ern, eastern  middle,  southern, 
and  western  middle.  Intense 
folding  {Fig.  7)  has  placed  some 
of  the  coal  in  synclinal  troughs, 
where  it  has  been  preserved  from 
erosion  which  has  removed  the 
coal  from  the  intervening  anti- 
clines. Therefore  the  anthracite 
is  found  in  a  number  of  more  or 
less  separated  narrow  basins. 
It  has  been  estimated  that  from 
94  to  98  per  cent  of  the  coal 

FiQ.  6.  —  Map  of  PennsylvanEft  aotJira-    oii^nally    deposited    has   been 
cite  field    W(«rse».tt/.  5.  o™i.    removed    from    this    field    by 

Sun.,  22d  Ann.  Repl.,  III.)  ,  ,     . 

denudation. 
The  Coal  Measures  of  tbe  anthracite  district  consist  of  beds  of 
sandstone,  shale,  and  clay,  with  coal  beds  at  intervals  varying  from 

1  This  includes  some  small  areas  of  Bemi-anthracite, 
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a  few  feet  to  several  hundred  feet,  though  rarely  exceeding 
200  feet.  The  coal  beds,  which  vary  in  thickness  from  a  few 
inches  to  60  or  60  feet,  occur  throughout  the  entire  section  of  the 
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FiQ.   7.  —  Sections  in    Pennsylvania  anthracite  field.     (After  Stock,    U,  S.  Geol, 

Sttrv.,  22d  Ann,  Rept.,  III.) 

Coal  Measures,  but  are  most  important  in  the  lower  300  to  500  feet. 
Among  these  the  Mammoth  is  of  importance,  but  splits  in  some 
areas. 

The  anthracite  section,  though  not  yet  accurately  correlated  with  the 
bituminous  field  of  Western  Pennsylvania,  is  nevertheless  known  to  con- 
tain the  Pocono,  Mauch  Chunk,  Pottsville,  and  Alleghany  series,  as  well  as 
some  of  the  higher  ones  of  the  Coal  Measures  (39).  The  Pottsville  conglom- 
erate forms  an  important  stratigraphic  horizon,  recognizable  by  its  litho- 
logical  characters  and  bold  outcrops. 

The  position  of  the  coal  beds  and  physical  characteristics  of  the  coal  have 
necessitated  the  use  of  special  methods  of  mining  and  of  treatment  after 
mining  (100).  Sharpness  of  folding  and  steep  dips  prevail,  these  intro- 
ducing many  mining  problems  not  found  in  bituminous  regions.  When 
brought  to  the  surface,  the  anthracite  consists  of  lumps  varsdng  in  size  and 
mixed  with  more  or  less  shaly  coal  called  bonct  so  that  before  shipment 
to  market  it  is  necessary  to  break,  size,  and  sort  it.  This  is  done  in  a  coal 
breaker  (Fig.  8),  in  which  the  coal  is  crushed  in  rolls  and  sized  by  screens, 
while  the  slate  is  separated  either  by  hand,  automatic  pickers,  or  jigs. 
These  breakers  are  a  prominent  feature  of  the  anthracite  reg^ion,  and  much 
money  has  been  spent  in  increasing  their  efficiency.  As  the  result  of  years 
of  mining,  the  refuse  from  the  breakers,  consisting  of  a  fine  coal-dust  and 
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bone,  termed  "  culm,"  has  aooumulat^d  in  enormoua  piles.  Much  of  it  is 
now  being  washed  to  save  the  finer  particles  of  clean  coal;  and  much  is  also 
washed  into  the  mines  to  support  the  roof,  so  that  the  pillars  of  ooal,  origi- 
nally left  for  that  purpose,  oan  be  extraoted. 

On  aoeount  of  its  cleanliness  and  high  fuel  ratio,  anthracite  oool  is 
much  prized  for  domestio  purposes.  Most  of  that  mined  is  marketed  in  the 
eastern  and  middle  states,  although  small  quantities  are  shipped  to  the 
western  states,  especially'  those  that  oou  be  reached  by  way  of  the  Great 


Flo.  8.  — Coal  breaker  in  PennaylvBiiia  anthracite  regioii. 

Appalachian  Bituminous  Area  (36,  41).  Pennsylvania. — The 
Pennsylvania  bituminous  field  includes  an  area  of  about  12,000 
square  miles  lying  mostly  in  the  western  part  of  the  state  (PI.  II), 
and  having  an  exceedingly  irregular  boundary.  In  the  north- 
western part,  where  folding  is  slight,  the  coal  measures  form  outliers, 
capping  the  high  hilla  and  ridges;  but  to  the  eastward,  the  more 
marked  synclinal  structure  has  resulted  in  the  formation  of  a 
strung  out  aeries  of  basins.  The  most  northeastern  areas  are  quite 
isolated,  and  include  the  Bemice  (semi -anthracite),  Barclay,  and 
Blossburg  basins,  as  well  as  an  easterly  one,  the  Broadtop  (PI.  II). 

The  coals  range  in  age  from  Fottsville  to  Dunkard,  and  in  about 
four-fifths  of  the  territory  the  thickness  of  the  Upper  Carboniferous 
rocks,  including  Dunkard,  is  less  than  1000  feet,  while  in  one-third 
it  is  under  500  feet  (41) .  Faults  are  rarely  found.  On  account  of  the 
variation  in  thickness  of  the  sandstones  and  other  rocks,  splitting 
of  coal  seams,  and  other  irregularities,  correlation  is  difficult.  But 
in  a  general  way  the  beds  above  the  Pittsburg  seam  appear  to  be 
more  regular  in  their  appearance  and  more  constant  in  their  dia- 


FiQ.  2.  —  View  in  Arkansas  coal  field.      {H.  Rics,  phulo.) 
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tanoe  from  one  another,  than  the  beds  in  the  lower  part  of  the  section. 
The  number  of  coal  seams  recognized  in  the  several  series  is  as 
follows  (99):  — 

Dunkard  series,  1100-1200  feet  thick,  12  ooalB 

Monongahela,      200-  300  feet  thick,    6  coals 

Conemaugh,         500-  700  feet  thick,    6  coals,  mostly  unimx>ortaiit 

AUeghaoy,  300  feet  thick,    4  coals 

Pottsville,  several 

The  Alleghany  yields  about  forty  per  cent  of  the  bituminous  coals 
mined  in  Pennsylvania.  While  most  of  the  coal  beds  are  of  limited  extent, 
the  celebrated  Pittsburg  seam  at  the  base  of  the  Monongahela  has  an  aver- 
age thickness  of  7  feet  over  about  2100  square  miles  of  its  area  and  an  esti- 
mated tonnage  of  9,641,792,907  short  tons,  thus  making  it  one  of  the  most 
important  bituminous  coal  beds  in  the  world.  This  same  seam  is  also 
recognizable  and  important  in  Ohio,  West  Virginia,  and  Maryland. 

Ohio,  —  In  Ohio  (40,  90-92)  the  five  subdivisions  of  the  middle  and 
Upper  Carboniferous  are  also  recognized,  and  there  are  at  least  16  coal  beds, 
of  which  6  are  important.  These  include  the  Pomeroy,^  Pittsburg,  Meigs 
(Sewickley  of  Pennsylvania),  Clarion,  Lower  Kittanning,  Middle  Kittan- 
ning,  Upper  Freeport,  Wellston,  and  Block  (Sharon).  The  Pittsbui^g 
ooal  is  of  high  importance  and  the  Middle  Kittanning  includes  the  well- 
known  Hocking  Valley  coal. 

Maryland.  —  In  Maryland  the  coals  lie  in  three  broad  northeast-south- 
west synclinal  folds,  the  coal  measures  of  these  being  separated  by  Missis- 
sippian  or  Devonian  Rocks,  exposed  by  erosion  of  the  intervening  anti- 
clines. The  eastern  or  Potomac  basin  is  the  most  important  of  the  three. 
The  geologic  position  and  number  of  coals  is  as  follows:  Monongahela, 
with  Pittsburg  (Elk  Garden),  Tyson,  and  Koontz  coals;  Conemaugh,  2 
coals;  Alleghany  with  Upper  Freeport  (Thomas  or  three  foot).  Middle 
Kittanning  (Davis  or  six  foot),  Brookville  (Parker),  and  Clarion  (Blue- 
baugh);  Pottsville,  with  two  seams.  The  coals  are  good  steaming  fuels 
and  will  coke. 

West  Virginia.  —  In  this  state  the  Coal  Measures  occupy  an  irregular 
rectangle  extending  from  the  Alleghany  Mountain  region  northwestward 
to  the  Ohio  River.  The  deepest  part  of  the  Appalachian  basin  takes  a 
southwest  course  across  the  state,  the  axis  rising  to  the  southward.  From 
this  the  strata  rise  to  the  northwest,  while  to  the  southeast  the  basin  shows 
a  series  of  folds  of  increasing  steepness  and  height  towards  the  eastern 
boundary  of  the  fields. 

The  coal  beds  range  from  the  Pocono  to  the  Dunkard  in  age.  The 
Pocono  contains  some  imimportant  beds  of  anthracite  along  the  eastern 
border  of  the  field,  but  westward  the  formation  is  noted  for  its  petroleum 
and  absence  of  coal. 

The  Pottsville  carries  the  coals  of  the  New  River  and  Pocahontas  series, 

1  Formeriy  regarded  as  Pittsburg,  but  shown  by  Bownocker  to  be  equivalent  of 
Redstone  of  Pennsylvania  and  West  Virginia.  (Ohio  Geol.  Surv.,  4th  ser.,  Bull.  9, 
p.  96, 1908.) 
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these  underlying  on  area  of  about  2600 
square  miles  in  the  southeastem  and 
eaatera  part  of  the  field.  These  ooals 
are  of  high  quality,  being  low  in  sulphur 
and  ash.  In  northern  West  Virginia  the 
Alleghan;  series  carries  several  coal 
beds,  but  with  one  exception  these  dis- 
appear to  the  southwest  ward.  The 
Conemaugh  carries  two  coal  beds  of  im- 
portance, while  the  Monongahela  carries 
six  distinct  beds,  including  the  famous 
Pittsbut^  seam.  No  ooals  of  much 
importance  are  found  in  the  Duukard. 

Virginia  (111).  — The  coals  of  the 
Mountain  Province  are  of  either  Missis- 
sippianor  Penosylvanian age.  Thefirst 
or  least  important  forms  a  belt  of  small 
areas  of  either  semi-bituminous  or  semi- 
anthracitio  character  extending  from 
Wythe  to  Frederick  counties,  but  the 
only  one  of  much  importance  is  the 
Montgomery-Pulaski  county  area. 

The  Pennsylvania  ooals  lie  in  the  ex- 
treme southwestern  part  of  the  state  in 
the  Cumberland  Pla,t«au  region,  and  are 
the  most  important  producers.  The 
two  chief  fields  are  the  Pocahontas  or 
Flat  Top  and  the  Big  Stone  Gap  coaJ 
fields. 

The  ooal  measures,  which  are  prob- 
ably mostly  of  Pottsville  age,  show 
comparatively  Uttle  disturbance,  al- 
though they  he  immediately  west  of  the 
highly  folded  rooks  of  the  Great  Valley 
(Pig.  9),  but  the  Pocahontas  field  is 
abruptly  terminated  on  the  east  by  a 
fault.  In  the  Pocahontas  field  there 
are  at  least  six  workable  beds;  the  coal 
is  of  excellent  quality  for  steaming  pur- 
poses, shows  often  a  remarkably  low  ash 
content,  and  makes  a  good  coke.  The 
Big  Stone  Gap  field,  which  extends  into 
Kentucky,  contains  eight  workable 
Beams  and  is  even  a  more  important 
producer  of  coal  and  coke. 

Southern  A  ppalachian  Field.  —  In 
the  southern  Appalachian  field  the 
coal-bearing  rocks  are  mainly  of 
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Pottsville  age,  and  in  the  Birmingham,  Ala.,  district  have  a  thick- 
ness of  probably  5000  to  6000  feet.  The  Coal  Measures,  which 
show  much  disturbance  on  their  eastern  ma^n,  with  but  httle 
toward  the  west,  are  divisible  into  a  lower  (Lee,  Lookout,  or 
Millstone  Grit)  group,  carryii^  about  three  thin  seams  in  the 
lower  part,  and  an  upper  group,  with  many  beds  of  coal. 

Although  the  coals  and  associated  rocks  were  originally  deposited 
in  a  broad  trough,  this  has  been  subsequently  folded,  and  faulted, 
while  the  ba^ns  are  separated  partly  by  faulting  and  partly  by 
erodon  of  intervenii^  anticlinal  crests. 

There  are  three  m^n  districts,  known  as  the  Jellico,  Chattanooga, 
and  Birmii^ham,  the  latter  cont^ning  four  fields,  viz.,  the  Warritw, 
Coosa,  Cahaba,  and  Blount  Mountiun. 

TheTrludc  Field  (ill.  112).  —  This  coal  field,  vhioh  is  more  important 
historioaUj  than  ecooomioally,  having  been  worked  as  early  as  1700, 
includea  several  small  steep-sided  baaina  (Fig.  10),  lying  in  the  I^edmont 


Flo.  10.  —  Geoeral  atructure  eection  of  tlie  Richmond  Baain  in  the  vicinity  of 
Jamea  River.  A,  A,  A,  minor  flexures,  with  beds  dowDthrowii  to  the  weet; 
/t  /i  A  faults.  The  heavy  black  band  represents  the  supposed  pontion  of  the 
coal  beds.  North  and  south  of  this  section  the  beds  appear  to  be  deeply  faulted 
down  against  the  western  roargin.  and  the  apparent  synclinal  structure  dia- 
appean.  Tbe  superficial  portion  of  this  sectioii  is  based  on  observation  and 
rdiaUe  information;  the  deeper  portjoo  la  hypothetioal.  (Aflar  Sfuder  omf 
WocAtorVt,  U.  S.  Oeol.  San..  19th  Aim.  Repf.,  PI.  II.) 

region  of  VirEinia  and  North  Carolina.  It  is  probable  that  the  ooal- 
bearing  beds  of  the  several  area«,  originally  horizontal,  were  formerly 
oontiDUona,  having  been  separated  by  folding,  faulting,  and  denudation. 
In  addition  to  this,  tbe  coal  is  out  by  dikes  and  sheets  of  igneous  rock, 
which  have  locally  alt«red  it  to  natural  coke  or  carboniU. 

Eastern  Interior  Field  (34,  57-59,  65-69). — This  field  is  an  oval, 
elongated  badn  (Kg.  U),  extending  northeast  and  southwest, 
with  the  mai^nal  beds  dipping  gently  toward  the  lowest  portion, 
which  hes  in  Illinois,  where  the  beds  are  nearly  horizontal.  It 
covers  most  of  Illinois,  southwestern  Indiana,  and  a  small  part  of 
Western  Kentucky,  with  some  small  outliers  in  Missouri,  near  St, 
Louis  and  St.  Charles,  and  two  in  lUinois. 
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The  coal-bearing  rocks  rest  unconformably  on  lower  Carbonifer- 
^  ous,  Devonian,  and  Silurian  strata,  the  basal 

member  being  a  sandstone,  probably  the  equiv- 
alent of  the  Pottsville.  The  entire  section  of 
coal-bearing  rocks,  attaining  a  thickness  of  1200 
feet,  belongs  to  the  Coal  Measures,  although 
the  upper  part  may  be  of  Permian  age,  and 
the  highest  workable  coal  beds  are  classed  as 
Freeport  or  Conemaugh.  The  coal  seams  occur 
in  the  lower  portion  of  the  section,  and  hence 
outcrop  around  the  margin,  the  mining  opera- 
tions being  therefore  confined  to  a  narrow  belt, 
because  near  the  center  of  the  basin  the  coal  beds 
underhe  too  great  a  thickness  of  improductive 
strata  to  permit  of  profitable  working  imder 
present  conditions. 

Great  difficulty  has  been  encountered  in  at- 
tempts at  correlation  of  the  coal  beds  of  different 
parts  of  the  field,  because  of  the  varying  section 
shown  from  place  to  place,  and  lack  of  continuity 
of  the  beds.  In  consequence,  the  custom  has 
arisen  of  giving  the  coal  beds  nimibers  instead 
of  names. 

The  coals  of  the  eastern  interior  field, 
although  varjring  widely  in  quality,  are  all 
bituminous.  On  account  of  their  higher  per- 
centage of  ash  and  sulphur,  they  are  little  used 
for  coking.  Most  of  the  coal  used  in  and  near 
this  field  is  supplied  from  it;  but  even  within 
the  field  the  Appalachian  coals  enter  into  com- 
petition. The  cannel  coal  found  near  Cannels- 
burg,  Kentucky,  which  is  the  only  good  gas 
producer  found  in  this  field,  finds  a  ready 
market. 


In  Illinois  the  section  involves  (57):  — 

a.  Upper  or  Barren  Coal  Measures. 

b.  Lower  or  Productive  Coal  Measures ;  ooal  bearing. 

c.  Millstone  Grit  or  Mansfield  Sandstone. 
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^  The  old  survey  recognized  16  beds,  of  which  1-7 

are  commonly  worked,  but  later  work  throws  doubt 
on  this  classification;  the  areas  of  important  development  of  the  different 
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beds  are  not  ooiuaident,  but  as  a  general  rule  the  ooala  above  No.  2  ia 
the  western  part  of  the  state  are  persistent  in  extent  and  tfaiokness  over 
laige  areas,  while  in  the  eastern  portion  all  the  seama  are  irregular  in 
boUi  extent  and  thickness.  As  a  rule,  the  lower  seams  are  better  than 
the  upper  ones,  and  the  quality  also  increases  from  north  to  south.  The 
nUnois  seams  vary  from  3  to  8  feet  in  thickness,  and  all  are  bituminous. 

Ashley  subdivides  the  Indiana  section  aa  follows :  — 

Permian-Merom  group;  Upper  or  Barren  Measures,  O'-40O'. 

Coal  Measures  (  W**'"^  group;  main  coal-bearing  measures,  lOO'-fiOO'. 
I  Mansfield  group;  basal  sandstone  member,  O'-200'. 

The  ooal  field  ia  roughly  divisible  into  two  areas,  viz.  an  eastern  or 
"blook-ooal"  area,  and  a  western  or  bituminous  area.  The  former  is 
also  bituminous,  but  shows  a  peculiar  block-like  jointing. 

The  Indiana  section 
shows  at  least  25  dis- 
tinct coal  beds  (69), 
nearly  all  of  them  2  feet 
or  more  thick  in  some 
places,andnineof  them 
eontinuing  of  minable 
thickness  over  large 
areas.  The  upper  five 
of' the  nine  numbered 
ones    are    coking   and 

occur  in  broad  sheets,  Fio.lS.—Shafthouseand  tipple. bituminouHcoalmiiw, 
while   the    lower    four  Spring  Valley,  111. 

ooour  in  basins  and  are 

not  extensively  workable.  No.  5  is  the  most  important  bed  in  the  state 
and  can  be  oorrelated  the  entire  length  of  the  field. 

In  Kentucky  the  ooala  have  been  numbered  from  1-12,  beginning  at  the 
bottom  and  lettered  beginning  at  the  top.  Nos.  &,  11,  and  12  are  the 
ehief  ones  worked.  One  of  these  is  exceedingly  persistent,  being  found 
under  a  part  of  the  whole  of  two  counties,  with  an  average  thickness  of 
S  feet,  and  at  a  depth  commonly  of  less  than  200  feet. 

Northern  Interior  Field  (72).  —  This  field  forms  a  lai^e  basin  in 
which  the  coal  dips  irregularly  from  the  margin  toward  the  center 
(Kg.  13),  but  on  account  of  the  heavy  mantle  of  glacial  drift  it  has 
been  difficult  to  determine  its  exact  boundaries,  and  prospecting  is 
necessarily  done  by  means  of  drilling.  The  Coal  Measures,  which 
are  probably  of  Pottsville  age,  attain  a  total  thickness  of  600  to  700 
feet  in  the  center  of  the  basin,  and  include  7  horizons  of  workable 
coal  with  an  average  thickness  of  2  feet  and  rarely  exceeding  4  feet. 
The  Verne  coals  near  the  top  may  correspond  with  the  Mercer  coals 
of  Ohio  (Lane).  Coal  is  found  near  the  center  of  the  basin  at 
depths  of  400  feet  or  more,  though  the  beds  that  are  mined  are 
mostly  at  depths  of  100  to  250  feet.     All  the  coals  are  bituminous 


30  ECONOMIC  GEOLOGY 

and  used  chiefly  for  fuel,  but  some  are  coking,  and  others  will  prob- 
ably prove  of  value  for  gas  manufacture.  Sa^naw  and  Bay  City 
are  important  mining  towns. 

Western  Interior  Field  and  Southwestern  Fields  (35).  —  These 
two  fields  form  a  practically  continuous  belt  of  coal-bearing  formoi- 


tions,  extending  from  northern  Iowa  southwestward  for  a  distance 
of  880  miles  into  central  Texas.  Throughout  most  of  this  area  the 
beds  lie  horizontal,  or  have  a  gentle  westward  dip  averaging  10  to 
20  feet  per  mile,  but  a  notable  exception  is  found  in  the  beds  of  east- 
em  Oklahoma  and  Arkansas,  which  are  rather  strongly  folded, 
reminding  one  of  the  Pennsylvania  anthracite  area. 


Western  Interior  Field. —  The  Coal  Measures,  composed  of  lime- 
stones, shales,  fire  clays,  and  coal  beds,  rest  unconformably  on  the 
Missis^ppian  and  dip  westwardly  under  beds  of  Permian,  Creta- 
ceous, and  Pleistocene.  Toward  the  south  and  west  the  beds  increase 
in  thickness,  the  maximum  being  1000  feet  in  Iowa  (62),  3000  in 
Kansas  (63),  and  200  in  Missouri  (74).  In  a  general  way  there  is 
a  prevailing  dip  westward  of  10-20  feet  per  mile;  in  detwl  the  dip 
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is  south-southwest  in  Iowa,  west-northwest  in  Missouri,  and  usually 
northwest  in  Kansas. 

The  Coal  Measures  are  divisible  into  two  parts.  The  lower  is 
liuown  as  the  Des  Moines  in  Iowa,  and  the  Cherokee  and  Marmaton 
in  Kansas.  The  upper  is  termed  the  Miisourian  in  Iowa,  but  in 
Kansas  is  made  up  of  the  Pottawatomie,  Douglas,  and  Shawnee. 
In  both  states  most  of  the  coal  mined  comes  from  the  Cherokee  shales 
horizon.  Those  found  in  the  upper  measures  are  thin,  even  though 
persistent. 

Most  of  the  coal  mined  in  this  field  comes  from  the  lower  part  of 
the  coat  measures,  where  the  beds  are  irregular  in  thickness  and 
distribution,     in     conse- 
quence  of  deposition  on    •=^.^gfi5',Eg  =^  *^'5!v'w'9?" " 
a  very  uneven  surface.          r-^^^^^^^^:...  -"•tt" «™«. 

All  the  coals  of  this 
field  are  essentially  bitu- 
minous and  used  chiefly 
for  steaming  and  heating 
purposes,  being  of  no 
value  for  either  coking  or 
gas  making.  Some  of  the 
seams  will  coke,  but  there 
is  no  demand  for  the  onnn  (c>t>i>i<ii 
product,  and  the  sulphur 
and  ash  are  too  high  for 
gas  making. 

The  Oklahoma  and  Ar- 
kansas portions  of  the 
Western  Interior  field  are 
directly    connected,   but 

the  coals  differ  somewhat. 
The  rocks  of  the  Okla-     t<.-«-co.iii™iii«, 

homa  field  (60),  belong  to 

the  Coal   Measures  (Fig.     ^'°-  '^-  —  Columnar  seetiou  of  i-ual-Lcuriiig  racks 

,.,,,,  .  I  .     J  in    Oklahoma  coal   6eld.     (After   Taff.U.S. 

lo),  the   lowest  coal  beds,        ^^  ^^„__  .^^.ui  a«„.  Rept..  Ft.  in.) 

being   probably    in    the 

upper  part  of  the  Lower  Coal  Measures,  and  the  highest  coal  in 

the  Upper  Coal  Measures. 
The  coal  field  is  characterized  by  both  folds  and  faults.     The 

anticlines  are  generally  narrower  and  deeper  than  the  sjTiclinea,  with 

» tendency  to  overturn  to  the  north,  but  the  folds  die  out  to  the 
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westward  and  northwestward.  There  are  seven  important  beds  of 
workable  character,  as  well  as  some  that  are  workable  locally. 
The  coals  are  bituminous  and  coking. 

In  the  Arkansas  field  (49)  the  roclcs  (sandstones  and  shales)  are  all 
of  Pennsylvanian  age,  and  involve  a  section  several  thousand  feet 
thick,  which  can  be  correlated  fairly  well  with  the  Oklahoma  area. 
They  are  bent  into  a 
trough  in  which  there 
are  a  number  of  sub- 
ordinate folds  and  some 
normal  and  thrust 
faults.  The  coals  of 
the  Hartshorne  horizon 
(Fig.  16)  are  economi- 
cally the  most  impor- 
tant, while  those  below 
it  are  probably  thin  and 
not  continuous.  The 
coals  range  from  bitu- 
minous to  semi-anthra- 
cite, and,  although  not 
of  coking  character, 
excel  in  quality  any 
found  west  of  West 
Virpnia. 

Southwestmi  Field 
(40).  — This  area,  lying 
in  northern  Texas,  is 
separable  into  a  north- 
em  and  southern  por- 
tion by  an  arm  of  Cre- 
taceous strata,  extend- 

Fio.    16.  —  Geoeraliicd    cofumnar   section   of   the    ingacrossit.   The  coals, 

°,?'.'T',°',,™'",,°l,'S?r*    <■-""<'•"'"■  which  are  all  Penmyl- 

17.  iS.  Qeol.  Sun.,  BvU.  326.)  , 

itunconform- 


ably  on  the  Misdssippian  and  are  overlain  by  the  Permiao  on  the 
north.  There  are  five  divisions,  which  carry  three  workable  coal 
beds,  and  while  all  are  of  bituminous  character,  none  of  them  are 
coking. 

Rocky  Mountain  Fields  (38).  —  These  cover  a  broad  area  extend- 
ing from  the  Canadian  boundary  southward  into  New  Mexico, 


a  and  Canael.  Texaa. 


Fio.  2.  —  LigDite  acam,  Williaton,  N.  Dak.      {After  F.  Wilder,  photo.) 


COAL  33 

a  distance  of  about  1000  miles,  and  including  a  large  number  of 
jSelds  of  var3dng  size  and  irregular  shape.  Most  of  these  beds  lie 
within  the  mountainous  region,  but  at  the  northern  end  of  the  area, 
in  Wyoming  and  the  Dakotas,  the  coal  fields  extend  eastward  under 
the  Great  Plsdns  for  some  distance.  The  age  of  the  coal  ranges 
from  Lower  Cretaceous  to  Eocene  (Tertiary),  though  most  of  it 
belongs  to  the  former. 

While  portions  of  this  enormous  area  of  coal-bearing  strata  are 
only  slightly  distiu'bed,  mountain-building  forces  and  igneous  in- 
trusions have  affected  a  large  proportion  of  the  region,  often  materi- 
ally changing  the  character  of  the  coal.  Thus,  while  in  undis- 
turbed portions  of  the  field  the  beds  may  be  lignitic  (PI.  V,  Fig.  2), 
in  the  distiu'bed  parts  they  have  been  altered  to  bituminous. 
Igneous  intrusions  may  have  changed  the  latter  locally  to  anthracite, 
as  in  the  Crested  Butte  (55)  area  of  Colorado  or  the  Cerrillos  field 
of  New  Mexico  (80).  Some  of  the  bituminous  coals  produce  an 
excellent  quality  of  coke. 

Colorado  (54,  55)  is  the  most  important  ooal-produoing  state  (Fig.  17)  of 
the  Rooky  Mountain  region.  This  is  due,  not  only  to  the  quality  of  its 
ooals,  but  also  to  the  presence  within  the  state  of  extensive  metallurgical 
industries.  The  Raton  field  in  the  southeastern  part  of  the  state,  extend- 
ing into  New  Mexico  (82),  is  at  present  the  most  important  producer.  Like 
many  of  the  fields  of  this  region  the  age  of  the  coals  in  this  is  Laramie, 
(Cretaceous),  and  the  beds  are  both  folded  and  faulted.  They  are,  more- 
over, crossed  by  igneous  intrusions,  which  have  in  some  places  produced 
natural  coke,  but  in  others  destroyed  the  value  of  the  coal.  The  coals  are 
bituminous  and  some  are  coking.  Those  of  the  South  Platte  field  are  sub- 
bituminous  and  worked  mainly  north  of  Denver;  so  too  are  those  of  the 
North  Park  and  Yampa  fields,  but  the  latter  contains  some  anthracite 
formed  by  igneous  intrusions.  In  the  San  Juan  River  region,  where 
Upper  Cretaceous  coals  occur,  the  latter  changes  from  sub-bituminous  in 
the  southern  part  to  bituminous  on  the  flanks  of  the  San  Juan  mountains. 
The  Canyon  City  field  carries  bituminous  noncoking  coal  and  the  Uinta 
basin  bituminous  grades. 

Wyoming  (116-118)  has  a  larger  percentage  of  its  area  underlain  by 
ooal-bearing  rocks  than  any  other  Rocky  Mountain  state,  but  most  of  this . 
lies  in  the  Great  Plains  region,  and  hence  the  coals,  which  are  mostly  Oe- 
taoeous,  are  on  the  whole  of  lower  quality.  The  location  of  the  fields  is 
shown  in  part  on  the  accompanying  map.  The  coals  are  mainly  of  sub- 
bituminous  character,  but  some  are  bituminous,  as  around  Rock  Springs 
and  in  the  Hams  Fork  Region,  as  well  as  in  part  of  the  Green  River  and 
Black  Hills  fields. 

A  great  area  of  Eocene  lignitic  coal  is  found  in  the  Fort  Union  Region  of 
North  Dakota,  South  Dakota,  and  Montana  (75-77).  Farther  west  in 
Montana,  in  the  Great  Falls  and  Lewistown  fields  of  the  Judith  Basin, 
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bitnminoua  coal,  some  of  it  of  coking  quality,  is  found.  These  last  two  are 
of  Kootenai  (Cretaceous)  age.  Sub-bituminous  coals  of  Upper  Cretaoeoua 
age  are  found  in  tbe  Assiniboine  It^on  of  northeni  Montana. 

Utah  (109)  has  two  large  coal  areas.  One  of  these,  forming  a  part  of 
tbe  Uintah  region  and  Ij-ing  Boutbeast  of  Salt  Lake  City,  carries  Upper 
Cretaceous  coals  of  bituminous  character,  which  can  be  coked.  The  second, 
in  the  southwestern  part  of  the  state,  also  supplies  bituminous  <?oal. 


Gulf  Province  Lignites  (70.  73,  105-107).  —  These  are  of  Eocene 
(Tertiary)  age  and  are  all  low  grade,  with  the  exception  of  those 
aloDg  the  Rio  Grande,  northwest  of  Laredo,  which  may  be  regarded 
as  3ub-bituminous,  Those  found  near  Eagle  Pass  are  of  still  better 
quality,  but  occur  in  the  Cretaceous. 

Pacific  Coast  Fields  (37).  —  Tertiary  coals,  partly  bituminous, 
though  mainly  lignitic,  occur  scattered  over  a  wide  area  in  the  states 
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of  California  (50-63),  WaflhingtoQ  (114), 
and  Oregon  {93,  94).  The  separate  fields 
are  limited  in  extent,  and  widely  sepa- 
rated. Their  output  is  small  as  compared 
with  some  other  states,  but  still  it  is  be- 
coming of  growii^  importance. 

Of  the  scattered  fields  in  Washington, 
the  most  important  lie  directly  east  of 
Seattle  and  Tacoma.  The  total  thick- 
ness of  coal-bearing  strata  is  about 
10,000  feet,  but  important  coal  beds  are 
found  only  in  the  lower  2000  feet.  The 
quahty  of  the  coal  varies  with  the  extent 
of  the  dynamic  disturbance,  and  hence 
there  may  be  variation  even  in  a  single 
Geld,  and,  in  fact,  in  a  single  mine.  Cali- 
fornia is  an  important  market,  even 
though  the  coal  has  to  compete  with  fuel 
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Both  California  and  Oregon  are  small 
producers.  In  the  foimer  coals  of  sub- 
bituminous  character  have  been  mined 
near  Tesla,  Alameda  County,  and  re- 
cently coal  of  good  bituminous  grade 
has  been  worked  in  Stone  Canyon, 
Monterey  County.  Indeed  this  is  of 
sufficiently  high  quality  to  compete  with 
foreign  coals  brought  into  San  Francisco. 

In  Oregon,  the  Coos  Bay  field  has  been 
a  small  but  fairly  steady  producer. 

The  coal  trade  conditions  of  the  Pacific  *i 
coast  have  been  unique.  The  local  sup-  * 
ply  is  not  equal  to  the  demand,  and  the 
Rocky  Mountain  fields  are  too  far  off  to 
supply  the  Pacific  coast  with  cheap  fuel. 
Therefore,  much  coal  is  imported,  bring- 
ing about  a  competition  in  San  Francisco 
from  other  countries,  including  England, 
Wales,  Scotland,  Australia,  Japan,  and 
British  Columbia.  These  foreign  coals 
are  often  of  better  grade  than  the  Pacific 
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coafit  coals,  and  they  can  be  imported  with  low  freight  rate  as 
ballast  in  wheat-carrying  vessels  that  come  to  San  Francisco  for 
cargoes.  These  coal  imports  form  three-quarters  of  the  total  im- 
port coal  tonnage  of  the  United  States;  but  since  1895  there  has 
been  a  steady  decrease  in  the  importation  of  coal  and  an  increase 
in  the  Pacific  coast  production. 


Fio.  19.  — ^lap  of  Alaska,  showing  distribution  of  coal  and  coal-bearing  rocks,  00 
far  as  known.     {After  Martin,  U.  S.  Qeoi.  Sun,,  BuU.  314.) 


Alaska  (45,  46).  —  Although  Alaskan  coal  was  first  mined  in 
1852  at  Port  Graham,  the  resources  of  the  region  are  still  but  little 
known  to  most  people,  and  only  slightly  developed.  -The  ex- 
plorations for  gold  during  the  last  few  years,  together  with  the  field 
work  done  by  the  United  States  Geological  Survey,  have  proved 
that  coal  is  widely  distributed  in  the  Alaskan  territory  (Fig.  19). 
The  deposits  range  geologically  from  the  Carboniferous  to  the 
Tertiary,  those  of  the  latter  age  being  the  most  abundant. 

Lack  of  knowledge  regarding  the  better  coals  and  insufficient 
transportation  facilities  are  among  the  causes  that  have  retarded 
the  development  of  the  coal  fields. 
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In  the  Pacific  coast  region  fields  of  Mesozoic  and  Tertiary  coals,  ranging 
from  lignite  to  anthracite,  are  known  at  several  points,  and  while  many  of 
the  beds  are  of  great  thickness,  the  irregfularity  of  the  structure  produces 
unfavorable  mining  conditions.  However,  these  coals  are  well  located  for 
shipment. 

The  interior  region,  including  the  Copper  and  Yukon  River  valleys  and 
their  tributaries,  carries  Cretaceous  bituminous  coal  on  the  lower  Yukon 
and  Tertiary  lignite  and  sifb-bittiminous  coal  on  the  upper  Yukon  as  well 
as  in  the  Tanana,  Eoyukuk,  and  Copper  River  basins.  This  coal  can  only 
become  of  local  importance. 

In  the  Bering  Sea  and  Arctic  slope  region  coals  of  Carboniferous,  Ju- 
rassic, Cretaceous,  and  Tertiary  age  are  present.  None  of  these  are  likely 
to  become  of  immediate  value,  except  for  local  use,  although  the  high-grade 
ooal  of  Cape  Lisbume  may  prove  an  important  source  of  supply  for  Nome; 
but  still  the  shipping  problem  is  a  serious  one. 

Production  of  Coal.  —  The  first  mention  of  coal  in  the  United 
States  is  probably  in  the  journal  of  Father  Hennepin,  who  in  1679 
recorded  the  site  of  a  "  cole  mine  "  on  the  Illinois  River  near  the  pres- 
ent city  of  Ottawa,  Illinois,  but  the  first  actual  mining  appears  to 
have  occurred  in  the  Richmond  basin,  Virginia,  about  seventy  years 
later.  The  first  records  of  production  are  in  1822.  Ohio  probably 
ranks  second  in  priority  of  production,  as  coal  was  discovered 
there  in  1755,  but  the  records  of  mining  date  only  to  1838.  The 
mining  of  Pennsylvania  anthracite  began  in  1790,  and  in  1807,  55 
tons  were  shipped  to  Columbus,  Ohio.  The  regular  production 
dates  from  1814.^ 

The  phenomenal  growth  of  the  coal  mining  industry  is  well  shown 
by  the  diagram  (Fig.  20). 

The  production  of  the  individual  states  since  1904  is  given  on 
page  39. 

Grouping  the  output  by  regions,  the  overwhelming  importance 
of  the  Appalachian  region  is  well  seen. 

Production  op  Coal  in  United  States  by  Regions  from  1904  to 

1908,  IN  Short  Tons 


Rboion 

1004 

1905 

1906 

1907 

1908* 

Anthracite    (Pa..  Colo..  N. 

Meat.) 

73,228,773 

77,734,673 

71,342,659 

85,666,404 

83.310,412 

TriaMic 

9,100 

1,557 

Northern 

182,606,561 

212,633,324 

233,473,524 

266.501,527 

216.499.163 

1,342,840 

1,473.211 

1,346,338 

2,035,858 

1,835,019 

Eastern 

51.682.313 

65,255,541 

59,457,660 

71,598,256 

65,774,700 

Western   and  Southwestern 

23,273.482 

23,265.750 

23,086.348 

26,8.56,622 

23,645,983 

Roclnr  Mountain,  etc  .    .     . 
Pacific  ooaat  and  Alaska  .     . 

16,344,516 

19,303,188 

22.064.003 

23.929,15.'* 

21.644,307 

3,328,803 

3,055,391 

3,386,746 

3.775,602 

3,133,064 

I  Parker,  E.  W.,  Min.  Res.  U.  S.  Geol.  Surv.,  1908. 

'  The  falling  off  in  1908  was  due  to  business  depression. 
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Fio.  20.  —  Yearly  production  of  anthracite  and  bituminous  coal  from  1856  to  1908, 
in  short  tons.     {After  Parker,  U.  S.  Geol.  Surv.,  Min.  Res.  for  1908.) 
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Price  per  Tan,  —  The  average  price  per  short  ton  of  coal  fluctu- 
ates somewhat  from  year  to  year,  and  yet  not  as  much  as  one  might 
imagine.    The  figures  below  show  the  prices  for  the  last  ten  years. 

Average    Price   per  Short  Ton   op    Coal  in  the   United   States 

SINCE  1898 


YViR 

Anthra- 
c;tb 

BrruMi- 

NOUS 

Y«AR 

Anthra- 

CITR 

BrruMx- 

NOU8 

1898 

1899  ..... 

1900 

1901 

1902 

1903 

$1.41     . 
1.46 
1.49 
1.67 
1.84 
2.04 

$0.80 
.87 
1.04 
1.05 
1.12 
1.24 

1904  .... 

1905  .... 

1906  .... 

1907  .... 

1908  .... 

$1.90 
1.83 
1.85 
1.91 
1.90 

$1.10 
1.06 
1.11 
1.14 
1.12 

Exports  and  Imports.  —  The  exports  consist  of  anthracite  and  bi- 
tuminous coal,  the  quantity  of  bituminous  being  the  greater  in  the 
last  few  years.  They  are  made  principally  by  rail  over  the  interna- 
tional bridges  and  by  lake  and  sea  to  the  Canadian  provinces.  Ex- 
ports are  also  made  by  sea  to  the  West  Indies,  to  Central  and  South 
America,  and  elsewhere. 

The  imports  are  principally  from  Australia  and  British  Columbia 
to  San  Francisco,  from  Great  Britain  to  the  Atlantic  and  Pacific 
coasts,  and  from  Nova  Scotia  to  Atlantic  coast  points. 

The  statistics  since  1904  are  given  below:  — 

Coal  of  Domestic  Production  exported  from  the  Unfted  States, 

1904-1908,  in  Long  Tons 


Yeab 


1904 
1905 
1906 
1907 
1908 


Anthracitb 


Quantity 


2.228.392 
2,229.983 
2,216.969 
2,698,072 
2,762.358 


Value 


$11,077,470 
11.104.654 
10.896,200 
13,217,985 
13.524,595 


BrruiciNOUB  and  Shale 


Quantity 


6.345,126 
6,959,265 
7,704,850 
10,448.676 
9,100.819 


Value 


$17,160,538 
17,867.964 
19,787.450 
26,972.908 
23.361.914 


Coal    imported 


AND     entered      for      CONSUMPTION     IN   THE     UnITED 

States,  1904-1908,  in  Long  Tons 


Ybab 

ANTHaAcrm 

BiTUlCZNOUS  AND  ShaLB 

Quantity 

Value 

Quantity 

Value 

1904 

72.529 

$220,664 

11,550,751 

$3,895,469 

1905 

34.241 

107.314 

1 1.611.002 

3.903.765 

1906 

32.354 

105,161 

11,702.799 

4.102.355 

1907 

9.897 

40.971 

2.103.711 

5.397.222 

1908 

16.484     1            73.778 

1.452.662 

3.964.843 

*  Includes  579,204  tons  of  slack  or  culm  passing  Mnch  screen  imported  in  1904, 
611.053  tons  imported  in  1905.  and  659,486  tons  imported  in  1906. 
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WorUTs  Production.  —  The  following  figures  are  those  given  by 
the  U.  S.  Geol.  Survey,  and  compiled  from  various  sources:  — 


COUKTBT 


United  States  (1908) 1od£  ton« 

Great  Britain  (1008) do. 

Germany  (1008) metric  tons 

Austria-Hungary  (1007) do. 

France  (10(^ do. 

Russia  and  Finland  (1907) do. 

Bdffium  (1008) do. 

Japan  (1907) do. 

India  (1908) long  tons 

Canada  (1908) short  tons 

New  South  Wales  (1908) long  tons 

Spain  (1907) metric  tons 

Transvaal  (1006) long  tons 

New  Zealand  (1907) do. 

Natal  (1907) do. 

Queenuand  and  Victoria  (1907)  ....  do. 

Mexico  (1906) metric  tons 

Holland  (1906) do. 

Italy  (1907) do. 

Sweden  (1007) do. 

Cape  Colony  (1907) long  tons 

Tasmania  (1008) do. 

Other  countries  > do. 

Total 

Peroenta^  of  the  United  States 


Usual  Unit  in 

PRODnCZNG 
Ck>nNTBT 


371.288.123 

261.506.379 

216.283.474 

48.180.849 

37.622,556 

26.023.344 

22.679.300 

13.935.952 

12.769.635 

10.904.466 

9.147,025 

3,887.236 

3.012.692 

1.831.000 

1,530.043 

064.220 

767.864 

532,780 

453.137 

305,338 

128,607 

61.068 

7,000,000 


Equivalbmt  in 
Shobt  Tonb 


415,842.608 

202.887.144 

237.306.073 

53.100.750 

41.471,343 

28.685.532 

24.000.302 

15.361.600 

14.301.001 

10.004.466 

10.244.668 

4.284.000 

3.374.215 

2.050.730 

1.713.648 

1,070.036 

846,416 

587.283 

400.403 

336.574 

144.040 

68.306 

7.840.000 

1.167.041.188 

35.6 


^  i 


QuANTTTT  (Shobt  Tons)  and  Valxtb  op  Coke  produced  in  United 

States  from  1908  to  1908 


1006 

1907 

1908 

• 

Peb  Cent 

Yield  of 

Qtatm 

QuANTrrr 

Valub 

Quantity 

Valus 

Quantity 

Valub 

Coke 

FROM 

Coal 

Alabama  .     .     . 

3,034.501 

$8,477,800 

3.021.704 

$9,216,104 

2.362.666 

$7,169,901 

61 

Colorado        and 

Utah      .     .     . 

1,455,005 

4,504.748 

1.421.670 

4.747.436 

982.291 

3,238.888 

63.5 

Georgia     .     .     . 

70,280 

277.021 

74,034 

315,371 

39,422 

137,524 

55.2 

IllinotT     .     .     . 

268.603 

1.205,462 

372.697 

1.737.464 

362,182 

1,538,952 

72.0 

Kansas      .     .     . 

1.608 

4.101 

6.274 

10,837 

2,497 

8,011 

65.9 

Kentucky      .    . 

74.064 

160.846 

1 

t 

1 

1 

Montana  .     .     . 

38.182 

266,024 

t 

t 

t 

t 

New  Mexico 

147.747 

422,712 

265.125 

840.253 

274,565 

826,780 

60.4 

Ohio     .... 

203.004 

1.013.248 

270.634 

819.262 

159.578 

491,982 

67.2 

Oklahoma     .     . 

40,782 

204.205 

s 

9 

i 

t 

Pennsylvania 

23.060.511 

54.184.531 

26.513.214 

67.638.024 

15.511.634 

32.569.621 

66.8 

Tennessee 

4a3.428 

1.350.856 

467.400 

1.502.225 

214.528 

561,789 

54.2 

Virginia    .     .     . 

1,577.660 

3.611,650 

1.545,280 

3.765,733 

1.162,051 

2.121,980 

65.1 

Washington  .     . 

45.642 

226,077 

52.028 

203.019 

38.889 

213,138 

57.1 

West  Virginia    . 

3.713.514 

8.102.056 

4.112.806 

9,717.130 

2.637.123 

5.267.054 

63.9 

Other  stetes  .     . 

2.085,617 

7,474.880 

2.655.610 

10,837,178 

2.286,092 

8.338.363 

72.5 

*  Includes  China.  Turkey,  Servia.  Portugal,  United  States  of  Colombia.  Chile, 
%     Borneo,  and  Labuan,  Peru,  Greece,  etc.  '  Included  under  other  states. 
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The  quantity  of  coal  consumed  in  manufacture  of  coke  in  1907 
was  $72,784,851,  while  the  value  of  the  coke  was  $111,539,126. 
The  production  of  1908  was  less  on  account  of  the  financial  depres- 
sion. 

There  were,  in  1908,  551  establishments,  operating  101,218  ovens. 
Of  these  about  3600  were  by-product  ovens,  from  which  the  average 
yield  of  coke  is  higher  (73.6  per  cent  in  1908).  The  by-products 
saved  from  these  were  as  follows  for  1907  and  1908:  — 


Value  op  Products  obtained  in  Manufacture  op  Coke  in 

Retort  Ovens  in  1907  and  1908 


Gas M  cubic  feet 

Tar gallons 

Ammonia,  sulphate  or  reduced  to  equiva- 
lent in  sulphate    .     .     .          pounds 
Anhydrous  ammonia 

Total  value  of  by-products    .... 
Coke short  tons 

Grand  total 


1907 


QUANTTTY 


20,516,731 
53.996,795 

126.372.360 


6.607,899 


Value 


$3,130,839 
1.242.530 

3.174,702 


7,648.071 
21.665,157 


29,213.228 


1908 


Quantity 


Value 


16.205.92.'> 
42.720,609 

43.329.426 
15.445.030 


4,201.226 


$2.557.4; '2 
1.007.613 

1.286.224 
2.530.979 
7,382.299 


14.465.429 


21.847.728 


Many  of  these  by-product  ovens  are  located  in  states  producing 
no  coal. 
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PEAT 

Origin.  —  So  much  attention  has  been  attracted  to  this  material 
in  the  last  few  years  that  it  seems  desirable  to  treat  it  as  a  separate 
topic,  and  partly  so  because  it  can  be  used  for  other  purposes  than 
fuel. 

Peat  (128)  may  be  defined  as  **  vegetable  matter  in  a  partly  de- 
composed and  more  or  less  disintegrated  condition/'  and  represents 
much  of  the  ''dark-colored  or  nearly  black  soil  found  in  bogs  and 
swamps."*  The  dry  peat  may  be  very  fibrous  and  light  colored, 
or  compact,  structureless,  and  dark  brown  or  black.  If  wet,  it 
contains  as  much  as  80  to  91  per  cent  or  even  more  water.  As 
previously  mentioned  (p.  3)  it  is  produced  by  the  slow  decay,  urtd^r 
water,  of  accumulated  plant  remains. 


8   :7 


^n 


Via,  21.  —  Diagram  showing  how  plants  fill  depressions  from  the  sides  and  top,  to 
form  a  peat  deposit.  —  1.  Zone  of  Chara  and  floating  aquatics.  2.  Zone  of 
Potamogetons.  3.  Zone  of  water  lilies.  4.  Floating  sedge  mat.  5.  Advance 
plants  of  conifers  and  shrubs.  6.  Shrub  and  Sphagnum  sone.  7.  Zone  of  Tam- 
arack and  Spruce.  8.  Marginal  Fosse.  (After  Davis,  Mich.  Oeol.  8uro,,  Ann, 
Rept.  for  1906.) 

The  two  essential  conditions  for  peat  formation  are  (1)  restricted 
access  of  air  to  impede  growth  of  decay-producing  organisms,  and 
(2)  abundance  of  water  to  permit  profuse  plant  growth. 

This  decay  is  accomplished  mainly  through  the  agency  of  fungi 
and  air-requiring  bacteria  which  break  down  the  tissues,  the  decay 
involving  decrease  in  bulk,  darkening  in  color,  and  Uberation  of 
gaseous  constituents.  Both  moisture  and  air  are  essentials  to  this 
process. 

Since  an  abundance  of  water  is  essential  to  peat  formation,  and 
as  it  is  formed  by  accimiulation  of  plants  in  the  spot  where  they 
grew,  it  requires  plants  of  a  water-loving  nature.  But  peat  may 
form  in  lakes  or  ponds,  or  in  moist  depressions  or  flat  areas,  and 
hence  plants  adapted  to  these  different  sets  of  conditions  being  differ- 

>  If  this  material  contains  too  much  mineral  matter  to  bum  freely,  it  is  technically 
known  as  muck. 
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ent,  it  follows  that  the  product  may  come  from  more  than  one 
kind. 

Peat  may  be  formed  in  lakes  or  similar  depressions  by  aquatic 
plantS;  including  minute  algse,  building  up  a  deposit  from  the 
bottom  and  around  the  sides,  in  water  shallower  than  15  feet.  The 
extension  of  this  deposit  into  deeper  water  and  building  up  of  the 
bottom  permits  growth  of  aquatic  seed  plants,  resulting  in  estab- 
lishment of  characteristic  zones.  These  are  characterized  (127) 
by  (1)  the  pond  weeds,  PotamogeUm,  next  to  the  deepest  water; 
(2)  shoreward  of  this  the  pond  liUes;  (3)  the  lake  bulrush,  Scirpus; 
and  (4)  the  amphibious  sedges,  especially  the  tiu'f-forming  slender 
sedge.  In  some  localities  some  of  the  zones  may  be  absent.  The 
-".^os  may  also  extend  outward  from  the  shore,  forming  a  floating 
^^^^y<adXi  which  may  cover  the  entire  surface  of  the  pond,  and  become 
covered  by  a  growth  of  shrubs  and  even  large  trees,  although  the 
mat  may  not  be  more  than  4  or  5  feet  thick. 

Peat  may  also  form  on  moist,  flat,  or  sloping  surfaces,  in  depres- 
sions from  which  standing  water  is  naturally  absent,  provided  the 
plant  remains  are  kept  saturated  with  water,  which  they  hold  there 
partly  by  capillarity.  In  such  situation  plants  of  the  rush,  grass, 
sedge  type,  or  sphagnum  are  important.  This  type  of  peat  accumu- 
lation flourishes  best  in  regions  of  heavy  rainfall  and  moist  atmos- 
phere, and  the  deposit  shows  an  irregularly  stratified  structure, 
but  more  uniform  character  than  the  filled-basin  type  first  described, 
whose  structure  is  more  uniform  below  the  original  water  level,  but 
whose  upper  3-5  feet  is  nearly  always  of  different  structure  and  com- 
position from  that  below.    Some  bogs  may  be  of  composite  origin. 

The  present  surface  vegetation  of  the  bog  does  not  necessarily 
indicate  the  kind  of  plant  from  which  the  peat  was  formed. 

An  interesting  type  of  peat  is  that  found  in  salt  marshes,  of  which 
there  are  thousands  of  acres  along  the  Atlantic  coast,  these  marshes 
being  poorly-drained  plains  subject  to  frequent  overflow  by  the  sea- 
water.  Studies  by  Davis  of  the  Maine  marshes  (128)  indicate  that 
the  peat  is  either  of  *' fresh-water  origin  below  a  relatively  thin 
stratum  of  salt-water  peat,  or  else  made  up  entirely  of  plants  similar 
to  those  growing  on  the  marshes  to-day  at  about  high  tide  level." 
The  suggested  explanation  is  that  the  fresh-water  peat  has  been 
formed  in  fresh-water  bogs  situated  on  a  slowly  sinking  coast,  while 
the  upper  or  salt-water  peat  formed  when  the  land  was  low  enough  to 
permit  an  influx  of  salt  water,  thus  permitting  the  growth  of  only 
such  plants  as  could  stand  it. 
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The  fresh-water  peat  may  be  of  fuel  value,  but  that  formed 
wholly  by  the  growth  of  salt-marsh  plants  is  too  full  of  fine  silt 
and  mud  tidal  deposits  to  be  of  marketable  character.  (See 
analyses,  p.  6.) 

Uses  of  Peat  (119, 126, 127).  —  The  main  use  of  peat  is  for  fuel, 
but  it  has  never  been  extensively  used  in  America  for  this  purpose. 
A  number  of  experimental  plants  have  been  built  in  Canada,  but 
most  of  them  have  not  been  successful  nor  have  any  been  so  in  the 
United  States.  The  failiu'e  may  have  been  due  to  lack  of  capital, 
improper  machinery,  or  lack  of  experience.  Since  a  detailed  dis- 
cussion of  peat-fuel  technology  is  beyond  the  limits  of  this  work, 
those  wishing  to  follow  it  up  are  referred  to  Nos.  126,  127,  128,  of 
the  bibliography. 

For  fuel  purposes  the  peat  may  be  used  in  air-dried  form  «.  "*;iyj 
comes  from  the  bog,  pressed  into  blocks  (machine  peat),  in  briquettes 
with  or  without  binder,  or  in  gas  producers.  Peat  charcoal  and 
peat  coke  are  manufactured  in  considerable  and  increasing  quantities 
in  Germany  and  Russia  for  use  in  metalliu*gical  work,  but  the  by- 
product gases  are  saved  in  connection  with  the  coking  process. 

Of  importance  is  the  use  of  the  more  fibrous  kinds  of  peat  as  a 
material  for  bedding  for  stock  and  for  packing,  as  well  as  for  deodor- 
izing and  disinfecting.  Those  varieties  of  powdered  peat  which  are 
rich  in  nitrogen  are  dried  and  sold  for  filler  in  certain  kinds  of  artifi- 
cial fertilizer,  and  although  a  use  of  recent  origin  it  seems  to  be 
growing.  "  Mull "  is  the  finer  matter  separated  from  moss  litter 
by  screening,  and  sold  for  deodorizing,  filtering,  disinfecting,  and 
packing  purposes.     It  is  manufactiu*ed  at  Garrett,  Indiana. 

The  manufacture  of  fertilizer  filler  is  at  present  the  largest  industry 
based  on  peat  in  the  United  States. 

Those  peats  having  a  strong  fiber  can  be  used  in  the  manufacture 
of  cloth  and  paper,  but  the  American  material  is  unsuited  to  this 
purpose.  Peat  can  also  be  utilized  for  making  ethyl  alcohol, 
and  also  for  pressing  into  a  structural  material  resembling  wood. 

Distribution  in  the  United  States.  —  Those  regions  possessing 
I)eat  beds  of  sufficient  size  and  depth  to  be  of  commercial  value,  lie 
mostly  outside  of  the  coal-producing  territory. 

Davis  states  that  workable  beds  are  found  in  many  states  lying 
north  of  the  Ohio  and  east  of  the  Missouri  rivers,  in  the  coastal  por- 
tions of  the  Middle  and  South  Atlantic  and  Gulf  states,  and  in  the 
narrow  strip  along  the  Pacific  coast  from  southern  California  north- 
ward to  the  Canadian  boundary. 
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Production  of  Peat.  —  Few  statistics  showing  the  production  of 
peat  in  the  United  States  are  available.  The  United  States  Geo- 
logical Siu"vey  report  gives  the  total  production  of  peat  fertilizer 
filler  in  1908  as  23,000  tons,  averaging  $5.25  per  ton  at  the  plant. 
Five  peat  fuel  plants  were  operated  in  a  small  way  during  the  year. 
Peat  moss  litter  was  manufactured  at  Garrett,  Indiana,  the  material 
being  sold  in  bales  of  225  pounds,  valued  at  $1.25  per  bale.  The  pro- 
duction was  8000  bales. 

The  imports  of  peat  moss  for  the  last  three  years  were  as  follows: 


Yeab 

Quantity 

Value 

1906 

Long  Tons 

7,640 
7,950 
8.102 

$45,344 

,    ,IJI  I'l  -JL^r 

46.881 

!v>sr             

45,414 

Kiy^^ 
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CHAPTER  II 

PETROLEUM,  NATURAL  GAS,  AND  OTHER  HYDROCARBONS 

Introductory.  —  Under  this  head  are  included  four  well-known 
substances,  viz.  natural  gas,  petroleum,  mineral  tar  or  maltha,  and 
asphaltum,  all  essentially  compounds  of  carbon  and  hydrogen  — 
hydrocarbons — or  mixtures  of  such  compounds.  In  addition  they 
may  contain  many  impurities,  such  as  sulphur  compounds,  oxidized 
and  nitrogenous  substances,  etc.,  whose  exact  nature  may  be  doubtful. 

The  hydrocarbons  are  divisible  primarily  into  a  number  of  regular 
series,  each  of  which  has  a  generalized  formula  as  indicated  below. 

1.  CnH2n+S  6.    CnHsn-8 

2.  CnHsn  7.    CiiH2n— 10 

3.  CnH^— 2  8.    OnHsn^lS 

4.  CnH2n-4  *  

5.  CnHsn-e  18.    CnH2n— 8S 

Members  of  the  first  eight  series  have  been  discovered  in  petro- 
leum. Of  the  above  formulas,  the  first  represents  the  paraffin 
hydrocarbons,  beginning  with  marsh  gas  or  methane,  CH4,  and 
ranging  at  least  as  high  as  the  compound  CuHts.  Methane  is 
gaseous,  the  middle  members  of  the  series  are  liquids,  while  the 
higher  members  are  solids,  like  ordinary  paraflin.  Members  of  the 
second  series  are  also  important  in  petroleums,  especially  the  olefine 
subseries.  The  third  or  acetylene  series  is  represented  in  some 
petroleums  by  its  higher  members.  The  fifth  or  benzine  series 
occurs  in  nearly  all  petroleimis,  but  not  in  large  amounts. 

Properties  of  Petroleum  (4,  10,  12).  —  Crude  petroleum  is  a 
liquid  of  complex  composition  and  variable  color  and  density. 
It  consists  of  a  mixture  of  hydrocarbons,  mainly  liquid,  with  some 
gaseous  and  solid  ones,  the  last  being  in  solution.  The  American 
petroleum  may  have  either  a  paraffin  base  (most  Pennsylvania  oils), 
an  asphaltic  base  (Texas),  or  a  mixed  asphaltic  and  paraffin  base 
(some  Illinois  petroleums).  It  is  probably  safe  to  say  that  the 
paraffin  oils  predominate  east  of  the  Mississippi,  while  the  asphaltic 
oils  are  more  abundant  west  of  it.* 

^  For  a  r^sum^  of  the  different  hydrocarbons  discovered  in  American  and  Cana- 
dian oils,  see  F.  W.  Clarke,  U.  S.  Geol.  Surv.,  Bull.  330. 
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Most  petroleum  contains  some  nitrogen,  but  it  rarely  exceeds 
2  per  cent,  except  in  some  California  oils,  where  it  may  reach  10 
or  20  per  cent.^ 

Sulphur  is  rarely  absent,  but  the  quantity  found  is  usually  quite 
small.  The  Lima,  Ohio,  and  Texas  oils  carry  it  in  sufficient  quantity 
to  require  its  elimination  in  refining. 

The  following  are  analyses  of  several  petroleums  from  American 
and  foreign  localities:  — 

Elementary  Analyses  op  Petroleum 


Heavy  oil,  W.  Va. 
Light  oil,  W.  Va. 
Heavy  oil,  Pa. 
Light  oil.  Pa.   .     . 
Parma,  Italy    .     . 
Hanover,  Grermany 
GaJicia,  Austria    . 
Light  oil,  Baku,  Rus 
Heavy  oC,  Baku,  R.i 

Java 

Beaumont,  Texas 


s. 


Per  Cknt 


83.5 
84.3 
84.9 
82.0 
84.0 
80.4 
82,2 
86.3 
86.6 
87.1 
86.8 


H 


13.3 
14.1 
13.7 
14.8 
13.4 
12.7 
12.1 
13.6 
12.3 
12.0 
13.2 


o 


3.2 

1.6 

1.04 

3.2 

1.8 

6.9 

5.7 

0.1 

1.1 

0.9 


Specific 
Gravitt 
H,0=1 


.873 

.8412 

.886 

.816 

.786 

.892 

.870 

.884 

.938 

.923 

.920 


Petroleums  commonly  vary  in  specific  gravity  between  about 

.8  and  .98,  the  following  being  some  of  the  limits  shown  by  American 

oils:  — 

Specific  Gravity  op  Some  American  Petroleums 


^TATK 

Specific  Gravitt 

Gravitt  Beaum£* 

California  (Placerita  Canon) 

Pennsylvania 

Ohio 

.777  4- 

.801-.817 

.816-.860 

.835-1.000 

.841-.873 

.90^.925 

.912-.945 

.920-.983 

60  + 

46.2-12.6 

42.8-32.5 

iLansas 

West  Virginia 

Beaumont,  Texas 

Wyoming 

California 

38.8-10.0 
37.6-30.0 
24.8^1.1 
23.3-11.9 
21.9-12.3 

» Jour.  Soc.  Chem.  Ind.,  XIX  :  505.  1900. 

» A  specific  gravity  of  1,  compared  with  water,  is  10°  on  the  Beaume  scale.     Con- 
veraioii  from  one  scale  to  the  other  may  be  made  by  following  formula:  — 

140  _  „       _  140 


Beaume  = 


Sp.  Gr. 


-  130;  or  Sp.  gr.  = 


130-1-  Beaume 
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The  temperature  at  which  crude  petroleum  solidifies  ranges  from  82^ 
F.  in  some  Burma  oils  to  several  degrees  below  zero  in  certain  Italian  oils. 
The  f1«i»>iing  point,  or  the  lowest  temperature  at  which  inflammable  vapors 
are  given  off,  may  be  as  low  as  zero  degrees  in  the  Italian  oils  to  as  high  as 
370°  F.  in  an  oil  found  on  the  Gold  Coast  of  Africa,  but  these  are  extreme 
limits.  There  is  also  a  great  range  in  the  boiling  point,  which  is  180°  F. 
in  some  Pennsylvania  oils  and  338°  F.  in  oils  found  at  Hanover,  Germany. 

The  various  liquid  hydrocarbons  making  up  crude  petroleimi  vary  in 
their  specific  gravity  and  boiling  point.  The  more  important  oils  which  can 
be  separated  from  crude  petroleum  by  distillation  are  gasoline,  benzine, 
heavy  naphthas,  and  residuum.  Those  with  a  paraffin  base  are  generally 
Ughter  and  more  valuable  on  account  of  the  higher  quantity  and  quality 
of  the  naphthas,  illuminating  oils,  and  lubricating  oils  which  they  produce. 
Those  with  an  asphalt  base  are  of  inferior  quality  and  chiefly  valuable  for 
fuel.     Their  transportation  by  pipe  lines  is  also  more  difficult. 

The  percentage  of  the  different  distillates  varies. 
The  following  average  percentages  of  distillates  were  yielded  by 
the  oils  of  several  fields  in  1902  (Oliphant) :  — 


ApPALACHIAUr 

Field 

Lima.  Ind., 
Field 

Kansas 

Field 

Naphthas 

Illuminating  oils 

Lubricating  and  heavy  oils   ". 

Residuum 

Loss  from  uncondensed  prod- 
ucts and  water      .... 

20.1 

61.4 

7.1 

6.3 

5.1 

10.9 
48.8 
17.2 

23.0 

18 
30 
25 

27 

In  the  following  table  (p.  53)  there  are  given  a  number  of  deter- 
minations of  distillates,  etc.,  published  by  Dr.  David  T.  Day,  of 
the  United  States  Geological  Survey,  and  in  part  made  by  him. 

Properties  of  Natural  Gas.  —  This  consists  chiefly  of  marsh  gas 
—  fire  damp  —  CH4.  It  is  colorless,  odorless,  burns  readily  with  a 
luminous  flame,  and  when  mixed  with  air  it  is  highly  explosive. 

Ethane  (C2H4),  the  next  member  of  the  marsh  gas  series,  may 
exist  in  considerable  quantities  in  natural  gas.  Ethylene,  or  ole- 
fiant  gas  (CjHe),  bums  with  a  much  more  luminous  flame  than  the 
two  preceding,  but  it  rarely  exists  in  American  gas  in  amounts 
greater  than  a  small  fraction  of  one  per  cent.  Carbon  monoxide 
occurs  only  in  very  small  quantities,  and  the  same  is  true  of  carbon 
dioxide.  Nitrogen  is  found  in  variable  amounts,  and  oxygen  is  not 
uncommon,  but  when  present  in  large  quantity  in  an  analysis,  it 
may  be  due  to  contamination  of  the  sample  analyzed  with  air. 
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The  following  analyses  represent  a  number  of  American  occm*- 
rences.  It  will  be  seen  that  marsh  gas  is  the  predominating  con- 
stituent in  nearly  all  of  them. 
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The  gas  from  Dexter,  Kansas,  (No.  4  of  the  preceding  table)  is  in- 
teresting because  of  its  high  content  of  nitrogen.  Of  47  samples  of  ga3 
examined '  by  Cady  and  McFarland,  all  except  one  showed  heUimi, 
in  amounts  averaging  .10  per  cent.  One  Kansas  sample  contained 
1.84  per  cent  more  than  the  others,  and  this  same  one  carried  the 
high  nitrogen  contents  referred  to  above.  The  rare  element  neoa 
was  also  discovered. 

The  following  table  brings  out  the  essential  differences  between  natural 
gas  and  other  fuel  or  illuminating  gases. 

Analyses  of  natiiral  and  manufactured  gases. 


AVEB. 

Pro- 
ducer 
Gas  Bit. 
Coal 


Marsh  Gas.  CH  «      . 
Other  hydrocarbons 

N 

CO« 

CO       

H 

H«S 

O 

Lbs.  in  1000  cu.  ft.  . 

Sp.  gv 

B.T.U.  per  1000  cu.  ft. 


Aver.  Pa. 
A  W.  Va. 

Aver.  O. 
db  Ind. 

Aybr. 
Kas. 

AVFR. 

Coal 
Gas 

Aver. 

Water 

Gas 

80.85 

93.60 

93.65 

40.00 

2.00 

14.00 

.30 

.25 

4.00 

.00 

4.60 

3.60 

4.80 

2.05 

2.00 

.05 

J20 

.30 

.45 

4.00 

.40 

.50 

1.00 

6.00 

45.00 

.10 

1.50 

.00 

46.00 

45.00 

.00 

.15 

.00 

.00 

.00 

tr. 

.15 

.00 

1.50 

1.50 

47.50 

48.50 

49.00 

33.00 

45.60 

.024 

.637 

.645 

.453 

.600 

1.145.000 

1,005,000 

1.100.000 

755,000 

350.000 

2.05 

.04 

56.26 

2.60 

27.00 

12.00 

.00 

.05 


75.00 

.985 
155.000 


Origin  of  Oil  and  Gas.  —  That  the  soUd,  Uquid,  and  gaseous  hydro- 
carbons are  more  or  less  closely  related  is  evident  from  the  fact  that 
the  gases  given  off  by  petroleum  are  similar  to  those  predominating 
in  natm*al  gas,  while  the  exposure  of  many  petroleums  to  the  air 
results  in  a  change  to  a  viscous  mass  and  finally  to  a  soUd  asphalt 
or  paraffin-like  substance.  It  is  a  well-known  fact  that  petroleum 
is  rarely  free  from  natural  gas,  although  this  gas  may  sometimes 
form  alone,  as  in  coal  mines,  or  from  decaying  vegetation  in  stag- 
nant pools.  The  origin  of  the  hydrocarbon  compounds  has  been 
the  subject  of  much  speculation  among  both  chemists  and  geolo- 
gists, the  former  for  a  time  arguing  for  an  inorganic  or  mineral  origin, 
the  latter  for  an  organic  derivation,  the  same  evidence  curiously 
enough  being  sometimes  used  by  persons  holding  opposite  views. 

It  cannot  be  said  that  the  matter  has  yet  been  settled  to  the  satis- 
faction of  all,  although  it  is  probable  that  the  majority  of  observers 
admit  the  organic  origin  of  petroleum.  One  cause  of  uncertainty  is 
that  oils,  imlike  coals,  do  not  usually  contain  visible  traces  of  their 
original  constituents.     Moreover,  we  had  until  recently  few  un- 

» Jour.  Amer.  Chem.  See.,  XXIX  :  1624. 
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doubted  known  instances  of  the  recent  fonnation  of  petroleum 
under  conditions  similar  to  those  found  in  the  older  rocks. 

Inorganic  Theories  (1,  3a,  10).  —  Several  theories  have  been 
advanced  to  account  for  an  inorganic  origin  of  oil.  Berthelot  was 
perhaps  the  first  to  advance  a  general  theory/  but  that  of  Mendel- 
jefif^is  somewhat  better  known,  and  is  in  a  way  an  elaboration  of 
some  of  the  earlier  ones.  According  to  this  theory,  the  interior  of 
the  earth  contains  metallic  iron,  as  well  as  carbide  of  iron  like  that 
foimd  in  meteorites.  Water  percolating  downward  through  the 
earth's  crust,  on  reaching  the  heated  interior,  becomes  converted 
into  steam,  which,  attacking  the  carbide  of  iron,  forms  hydrocarbons. 
These  are  forced  to  the  surface  by  the  expansive  force  of  the 
steam. 

From  a  purely  chemical  standpoint,  this  theory  is  reasonable, 
and  the  production  of  hydrocarbons  by  this  method  has  been  done 
experimentally,  but  it  does  not  accord  with  geologic  facts.  If 
petroleum  were  formed  in  this  manner,  we  should  expect  to  find  it 
widely  distributed  through  the  oldest  rocks  of  the  earth's  crust. 

On  the  contrary,  hydrocarbon  compounds  Uke  oil,  gas,  and  as- 
phalt are  practically  unknown  in  crystalline  rocks.  In  Ontario,  a 
hard  compressed  asphalt  is  found  in  them,  but  it  is  significant  that 
this  material  (Anthraxolite)  which  was  probably  originally  petro- 
leum, occurs  in  rocks  which  may  be  metamorphosed  sediments.  A 
second  case  is  found  in  CaUfornia  (17),  where  oil  occurs  in  a 
much-folded  crystalline  schist,  but  its  associations  are  such  that  it 
may  have  been  derived  from  neighboring  sediments. 

A  possible  point  in  favor  of  the  derivation  of  oil  and  gas  from 
carbides  has  been  noted  by  Becker  (1),  who  has  called  atten- 
tion to  the  fact  that  the  irregularities  of  the  curves  of  equal  mag- 
netic declination  are  strongly  marked  in  the  principal  oil  regions. 
While  the  agreement  is  not  a  very  close  one,  it  is  most  marked  in  the 
Appalachian  field.  There  are,  however,  some  systematic  irregu- 
larities, as  in  the  New  Jersey  magnetite  regions,  which  are  not  known 
to  contain  any  oil.  Becker  believes  that  the  coincidence  between 
the  petroleum  occurrences  and  local  disturbances  of  the  compass 
are  too  nimierous  to  be  attributable  to  mere  accident,  and  that 
there  must  be  a  direct  or  indirect  historical  connection  between 
the  two  phenomena  in  the  regions  of  coincidence,  thus  suggesting 
the  possibility  of  the  oil  being  derived  from  iron  carbides. 

>  Compt.  Rend.,  LXII  :  949,  1866. 

'  Ber.  Deutach.  Chem.  Gesell.,  X  :  229,  1877,  and  Jour.  Chem.  Soc.  XXXII :  283. 
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Volcanic  Theory.  —  A  second  inorganio  theory  advocated  by  several, 
and  in  recent  years  expounded  with  great  vigor  and  detail  by  E.  Coste  (3a), 
is  the  theory  of  volcanic  origin  of  the  hydrocarbons. 

Mr.  Coste  believes  that  all  hydrocarbons  cannot  be  of  animal  or  vege- 
table origin,  but  must  be  of  volcanic  derivation  for  the  following  reasons: 

1.  Animal  remains  are  never  entombed  in  rock  formations.  2.  Vegetable 
remains  in  rocks  decompose  into  carbonaceous  matter.  3.  Further  distilla- 
tion of  carbonaceous  matter  has  not  taken  place  in  nature.  4.  Gaseous, 
liquid,  and  solid  hydrocarbons  are  products  of  volcanic  emanations.  5.  Oil 
and  gas  are  under  strong  pressure,  and  hence  must  be  of  volcanic  origin, 
for  nothing  else  could  produce  this  pressure.  6.  In  some  oil  fields  heated 
gas  and  water  are  met  with.  7.  Oil  and  gas  fields  are  located  along  faulted 
and  fissured  zones  of  the  earth's  crust,  parallel  to  great  erogenic  (mountain- 
making)  and  volcanic  dislocations.  8.  Oil,  gas,  and  bituminous  matter 
are  never  indigenous  to  the  strata  in  which  they  are  found.  9.  The  density 
of  the  rocks  precludes  possibility  of  anything  but  volcanic  pressure  having 
forced  them  upward. 

The  arguments  against  some  of  these  points  may  be  mentioned  under 
the  same  numbers:  1.  Animal  remains  are  entombed  in  rocks,  otherwise  we 
could  not  have  fossils  of  those  lacking  hard  parts.  2.  Vegetable  remains  in 
rock  have  been  proven  to  decompose  into  hydrocarbons,  as  evidenced  by 
natural  gas  supplies  found  in  glacial  drift;  moreover,  some  coal  seams  have 
oil  seepages.  3.  While  hydrocarbons  are  known  to  occur  in  some  volcanic 
emanations,  they  might  be  formed  by  the  direct  union  of  carbon  and  hydro- 
gen of  these  gases,  or  have  been  distilled  out  of  sedimentary  rocks  through 
which  the  lava  passed.  Moreover,  they  are  frequently  formed  from  decay- 
ing vegetable  matter.  5.  The  pressure  may  be  due  to  the  natural  expansive 
force  of  the  gas.  7.  Oil  and  gas  fields  are  sometimes  found  in  regions  of 
but  little  disturbance,  as  Illinois,  Medicine  Hat,  Alberta,  etc.  8.  This  may 
be  true,  but  they  are  often  clearly  shown  to  have  come  from  adjoining  beds. 
9.  If  volcanic  pressure  forced  this  oil  and  gas  up  through  many  feet  of 
dense  rock,  why  were  they  not  forced  all  the  way  to  the  siuf ace  ? 

One  may  also  add  that  the  restriction  of  oil  and  gas  to  sedimentary 
rocks  is  not  in  accordance  with  a  volcanic  origin,  neither  is  the  decrease  in 
pressure  which  all  wells  show  with  time. 

Organic  Theory.  —  This  considers  that  petroleum  has  been 
derived  from  either  animal  or  vegetable  matter  by  a  process  of  slow 
distillation,  although  the  exact  changes  involved  are  somewhat 
uncertain. 

Perhaps  the  majority  of  geologists  and  even  others  have  uncon- 
sciously assumed  that  petroleum  has  been  derived  from  land  plants, 
and  while  in  some  cases  this  may  be  so,  some  rather  weighty  ob- 
jections can  be  urged  against  it.     These  are  the  following:  — 

1.  There  is  a  general  lack  of  association  of  coal  or  lignite  and  oil. 

2.  Where  lignite  or  carbonized  wood  is  found  with  oil  it  has  lost  none 
of  its  essential  constituents.    3.  There  is  a  great  chemical  difference 
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between  lignite  tar  oils  and  natural  petroleums.  4.  It  reqiiires  a 
high  temperature  (geologically  speaking)  to  convert  wood  into 
liquid  bitumen,  and  leave  no  trace  of  its  original  structure/  5.  An 
argument  of  doubtful  weight  is  that  limestones,  being  of  marine 
origin,  the  oil  in  them  could  not  be  derived  from  land  plants. 

The  following  argmnents  may  be  mentioned  in  favor  of  the  deri- 
vation of  petroleum  from  marine  plants  such  as  seaweeds :  1 .  Saline 
water  associated  with  some  oils  carries  iodine.'  2.  Certain  sea- 
weeds found  on  the  coast  of  Sardinia  become  covered  with  an  oily 
coating  while  decomposing.^  3.  The  Boghead  mineral,  or  Torbanite, 
and  the  kerosene  shale  of  Scotland  are  derived  from  gelatinous 
algsB  whose  remains  are  embedded  in  what  was  once  a  brown  humic 
jelly .^  4.  In  some  localities  the  diatom  cases  found  in  rocks  are 
known  to  contain  small  globules  of  oil,  which  have  in  some  regions 
been  regarded  as  a  source  of  petroleum  (19). 

Some  have  also  considered  that  the  oil  may  have  been  derived,  in 
part  at  least,  from  animal  remains,  the  oil  having  thus  a  dual  origin. 

Recent  investigations  of  the  optical  activity  of  oil  show  it  to  be 
of  imdoubted  organic  origin  (1),  for  the  reason  that  many  petroleum 
products  have  the  power  of  rotating  the  plane  of  polarization  of 
light,  as  is  done  by  sugar,  lactic  acid,  and  other  organic  compounds. 
These  optical  phenomena  are  not  shown  by  inorganically  synthe- 
sized petroleum,  and  hence  it  is  argued  that  the  substances  to  which 
it  is  beUeved  to  be  due  are  only  of  organic  derivation.  These  sub- 
stances are  phytosterol,  found  in  the  fatty  parts  of  animals,  and 
cholesterol,  found  in  plants. 

If  the  oils  are  derived  from  animal  and  plant  remains  of  marine 
character,  it  is  possible  that  the  nitrogenous  portions  were  elimi- 
nated by  bacterial  action  soon  after  the  death  of  the  organism,  and 
before  it  became  biuied  imder  sediments.  Subsequently  the  oil  was 
produced  by  decomposition  of  the  fatty  matter  of  the  plants  and 
animals.  Some  geologists,  including  Orton  (4)  and  Newberry  (Ohio 
State  Agric.  Rept.  1859),  have  believed  that  the  formation  of  petro- 
leum has  taken  place  at  lower  temperatures;  but  others,  including 
Peckham  (6),  have  considered  heat  necessary.     In  the  case  of 

'  Such  a  process  would  only  be  likely  to  occur  where  a  bed  of  land  plants  was 
approached  by  an  intrusive. 

'  Watts,  Calif.  State  Min.  Bur.,  BuU.  19  :  202. 

•  Redwood.  Petroleum  and  its  Products,  2d  edition,  I,  126,  142. 

*  Comp.  Rend.,  CXVII:  693, 1893,  and  Compt.  Rend.,  VIII,  Cong.  Geol.  Internat. 
1900 :  468. 
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Appalachian  oils  the  folding  of  the  strata  is  supposed  to  have  sup- 

pUed  this  heat. 

Mode  of  Occurrence  (6,  8,  9, 13).  —  Oil  is  rarely  found  without 
gas,  and  saline  water  is  likewise  often  present.  If  the  containing 
strata  are  horizontal,  the  oil  and  gas  are  usually  irregularly  scattered, 
but  if  tilted  or  folded,  and  the  beds  porous  throughout,  they  appear 
to  collect  at  the  highest  point  possible.  It  was  the  result  of  obser- 
vations along  this  Une  that  led  I.  C.  White  to  develop  what  is  known 
as  the  "  Anticlinal  Theory  "  (13).  According  to  this  theory,  in 
folded  areas  the  gas  collects  at  the  summit  of  the  fold,  with  the  oil 
immediately  below,  on  either  side,  followed  by  the  water  (Fig.  22). 
It  is  of  course  necessary  that  the  oil-bearing  stratum  shall  be  capped 
by  a  practically  impervious  one. 


a  QA8 


b  OIL 


C    WATER 


d    CAPROCK 


Fio.  22.  —  Section  of  anticlinal  fold  showing  accumulation  of  gas,  oil,  and  water. 

(After  Hayes,  U.  S.  OeoL  Sun.,  BuU.  212.) 

If  the  rocks  are  dry,  then  the  chief  points  of  accumulation  of  the 
oil  will  be  at  or  near  the  bottom  of  the  syncline,  or  lowest  portion  of 
the  porous  bed.  If  the  rocks  are  partially  saturated  with  water,  then 
the  oil  accumulates  at  the  upper  level  of  saturation. 

In  a  tilted  bed,  which  is  locally  porous,  and  not  so  throughout, 
the  oil,  gas,  and  water  may  arrange  themselves  according  to  their 
gravity  in  this  porous  part.   ' 

While  the  anticlinal  theory  has  been  found  to  apply  in  most  oil 
regions,  some  doubt  has  been  raised  regarding  its  possible  applica- 
tion in  parts  of  southwestern  Pennsylvania  (6). 

Lesley  and  Ashburner  suggested  that  the  porous  areas  in  which 
the  oil  and  gas  accumulated  represented  old  shore  line  deposits. 

In  the  first  discovered  fields,  the  oil  and  gas  were  found  in  porous, 
sandy  strata,  varying  from  fine-grained  sandstones  to  conglomer- 
ates. These  rocks  were  termed  sands,  and  the  area  of  porous  oil 
sand  was  called  the  pool.    Later  discoveries  in  Ohio  and  Indiana 
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showed  that  the  gas  and  oil  might  occur  in  limestone  also,  while  in  a 
few  fields  (Florence,  Colorado,  and  parts  of  CaUfomia)  the  oil  has 
accumulated  in  fissures  in  shale,  produced  by  earth  movement. 

The  number  and  thickness  of  the  oil  and  gas  sands  may  some- 
times vary  in  different  parts  of  the  same  field  (Figs.  23  and  24), 
thereby  making  correlation  difficult. 
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Fia.  23.  —  Showing  positions  and  vertical  sections  of  wells  southeast  of  Humboldt, 
Kas.,  and  differing  thickness  and  number  of  sands  in  neighboring  wells.  {Kcu, 
Oeol.  Surv.,  IX.) 

The  thickness  of  the  producing  rock  ("  pay  sand  ")  varies  in  the 
different  fields.  White,  referring  to  West  Virginia,  regards  5  feet  of 
sand  as  sufficient  for  good  productive  territory,  but  thicker  ones  are 
found  in  the  Appalachian  field.  The  Illinois  sands  range  from  2  to 
over  30  feet  in  thickness,  while  that  estimated  for  Spindle  Top  in 
Texas  averages  75  feet.  The  Kern  Biver  field  of  CaUfomia  is  said 
to  have  pay  sands  as  much  as  100  feet  thick.^ 

The  quantity  of  oil  which  a  cubic  foot  of  apparently  dense  rock 
can  hold  is  often  surprising.  White  estimated  that  fairly  produc- 
tive sands  may  hold  from  six  to  twelve  pints  of  oil  per  cubic  foot, 
but  that  probably  not  more  than  three-fourths  of  the  quantity 
stored  in  the  rock  is  obtainable.  According  to  Day  (53)  it  has  been 
customary  to  consider  10  per  cent  as  near  the  average  porosity  of 
the  pay  sand,  with  a  latitude  of  variation  from  practically  nothing  in 
damp  shales  to  over  30  per  cent  in  the  most  porous  strata.    The 

1  Day,  U.  S.  Q.  S.,  Bull.  394  :  34,  1909. 
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degree  of  openness  of  the  pores  will,  however,  govern  the  rate  of  flow 
of  oil  from  the  rock. 

Pressure  of  Oil  and  Gas  Wells.  —  Since  both  oil  and  gas  usually 
occur  in  the  earth  under  pressiu-e,  any  break  in  the  porous  rock  or 
reservoir  which  contains  them  allows  them  to  escape,  frequently- 
giving  rise  to  surface  indications,  and  the  force  with  which  oil  and 
gas  oftentimes  issue  from  a  well  indicates  the  pressure  under  which 
they  are  confined.  It  is  sometimes  sufficient  to  blow  out  the  drill- 
ing tools  and  casing,  as  well  as  to  cause  the  oil  to  spout  many  feet 
into  the  air. 
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Fio.  24.  —  Sections  of  deep  wells  in  the  Clayville,  Pa.,  quadrangle,  showing  irregu- 
larity in  thickness  and  number  of  the  oil  and  gas  sands.  (After  OrUwold  and 
Munn.) 

There  are  several  remarkable  cases  of  the  amount  spouted  by  these 
gushing  wells.  One  of  these  is  the  famous  Lucas  well  at  Beaumont,  Texas, 
which  in  1901  for  nine  days  gushed  a  six-inch  stream  to  a  height  of  160  feet, 
at  the  rate  of  75,000  barrels  per  day.  This,  however,  is  small  compared 
with  the  records  of  some  Russian  oil  wells.  Although  many  wells  flow 
when  first  drilled,  this  does  not  usually  continue  long,  and  the  oil  then  has  to 
be  brought  to  the  surface  by  pumping.  The  depth  of  the  wells  drilled  in  the 
United  States  ranges  from  250  to  4000  feet. 

The  maximum  pressure  which  a  well  develops  when  closed  has 
been  called  rock  pressure.    As  a  result  of  his  studies  in  the  Ohio- 
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Indiaaa  field,  Orton  (42)  found  that  the  rock  pressure  was  the  same 
as  that  of  a  column  of  water  whose  height  was  equal  to  the  differ- 
ence in  elevation  between  the  level  of  Lake  Erie  and  that  of  the  oil 
or  gas-bearing  stratimi.  He  therefore  considered  it  to  be  hydro- 
static pressure.  This  theory,  while  apparently  applicable  in  many 
localities,  was  found  to  be  inadequate  to  explain  the  great  pressure 
shown  in  many  shallow  wells.  In  these,  as  also  in  deep  ones,  the 
pressure  is  thought  by  many  to  be  due  to  the  expansive  force  of  the 
imprisoned  gas. 

Elither  the  drilling  of  additional  wells  or  a  drain  by  excessive  use 
from  wells  already  bored  commonly  causes  a  slow  decrease  in  pres- 
sure in  an  oil  or  gas  field.  Thus  in  the  nattu'al  gas  region  of  Findlay, 
Ohio,  the  rock  pressure  in  1885  was  450  poimds  per  square  inch;  400 
in  1886;  360-380  in  1887;  250  in  1889;  170-200  in  1890.  Some 
West  Virginia  wells  have  shown  a  measured  rock  pressure  of  1110 
pounds  per  square  inch  and  an  estimated  pressure  of  2000  pounds. 

It  has  been  not  infrequently  noticed,  however,  that  the  opening 
up  of  one  or  more  wells  close  to  a  good  producer  may  have  httle  or 
no  effect  on  it. 

The  table  on  page  66  (53)  gives  the  closed  or  rock  pressure  in 
various  fields,  in  different  years.  They  are  interesting,  but  lose 
their  comparative  value  as  they  do  not  probably  in  all  cases 
represent  the  same  well. 

Mode  of  Accumulation.  —  While  the  oil  and  gas  are  not  neces- 
sarily, and  probably  rarely,  indigenous  to  the  rock  containing  them, 
a  difference  of  opinion  exists  as  to  whether  they  have  been  trans- 
ported long  distances;  indeed  their  source  is  often  indicated  in  some 
under-  or  over-lying  bed  of  shale. 

If  this  be  true,  then,  in  order  to  reach  the  sandstone,  they  must 
in  part  at  least  pass  through  the  small  pores  of  the  shales,  but  the 
nature  and  cause  of  this  movement  are  not  clearly  understood. 
Capillary  action  and  great  rock  pressure  have  been  suggested  as 
possible  operating  forces,  while  Munn  beheves  it  is  caused  by 
hydraulic  action.  According  to  his  hydrauhc  theory  (6),  the 
diffused  oil  and  gas  are  concentrated  into  pools  or  pay  streaks  by 
the  action  of  currents  of  underground  water.  These  collect  the 
oil  and  gas  and  push  them  along.  Since  these  imderground  cur- 
rents circulating  through  the  rocks  vary  in  the  direction  of  their 
flow,  there  may  be  places  where  the  meeting  of  conflicting  currents 
form  eddies  or  places  of  no  movement.  It  is  at  such  points  that 
the  accumulated  oil  and  gas  are  held.     If  the  water  is  flowing 
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through  the  rocks  under  the  influence  of  capillarity  alone,  and 
conflicting  currents  are  absent,  there  will  be  a  tendency  to  force  the 
oil  and  gas  into  the  more  porous  beds  where  the  capillarity  is  too 
weak  for  the  water  to  follow. 

The  pressiu-e  of  the  oil  is  ascribed  to  the  expansive  force  of  the 
gas,  which  cannot  diffuse  because  of  the  saturation  of  the  surround- 
ing rocks.  The  association  of  oil  with  anticlines  is  thought  to  be 
due  to  the  influence  which  these  structures  exert  on  the  water  cur- 
rents. The  difference  in  specific  gravity  of  oil  and  water  is  con- 
sidered insufficient  to  account  for  the  widespread  movement  of 
oil  against  the  friction  developed  by  its  passage  through  rock 
pores. 

The  oil  and  gas  are,  then,  held  in  the  rock,  not  because  of  an  im- 
pervious cap  rock,  but  by  the  overlying  and  surrounding  water 
mantle. 

Yield  of  Sands. — A  porosity  of  10  'per  cent  would  mean  a  theoretical 
yield  of  about  1  gallon  per  cubic  foot,  or  about  5000  barrels  -per  acre  with 
a  5-foot  thickness. 

Although  many  Pennsylvania  sands  are  thicker  than  5  feet,  the  figures 
of  production  indicate  an  average  yield  in  the  past  of  not  much  over  800 
barrels  per  acre,  but  the  average  for  the  entire  Appalachian  field  may  be 
taken  as  slightly  greater.     Bain  estimates  2000  barrels  per  acre  for  Illinois. 

However,  it  is  a  difficult  and  conjectural  matter  to  estimate  closely  the 
average  yield  of  oil  in  any  field. 

Life  of  a  Well.  —  This  may  vary  with  the  amount  of  supply,  compactness 
of  pay  sand,  and  gas  pressure  accompanying  the  petroleum.  It  varies  from 
a  few  months  to  20  years  or  more.  Some  wells  may  gush  forth  tremendous 
quantities  of  oil  and  gas  for  a  short  period  and  then  die  down  to  almost 
nothing.  Others  may  yield  moderate  quantities,  or  perhaps  only  a  few 
barrels  daily,  for  a  period  of  years.  The  average  life  of  Pennsylvania  wells 
is  seven  years. 

In  all  fields  the  production  increases  at  first  and  then  begins  to  drop  off, 
and  the  increasing  production  of  the  United  States  is  due  to  the  discovery 
and  development  of  new  fields,  whose  production  more  than  offsets  the 
decrease  of  the  older  ones. 

As  examples,  the  daily  average  production  per  well  per  day  of  New  York 
and  Pennsylvania  has  fallen  from  a  maximum  of  207  barrels  to  1.7  barrels. 
The  West  Virginia  production  has  dropped  to  56  per  cent  of  its  maximum, 
and  Ohio  and  Indiana  have  shown  a  still  greater  decline. 

On  the  other  hand,  Illinois,  Oklahoma,  and  California  will  probably 
increase. 

Day  (53)  estimates  that  considering  the  minimum  amount  of  petroleum 
in  the  United  States  as  15,000,000,000  barrels,  the  supply  will  be  exhausted 
about  1935  with  the  present  rate  of  increase  in  production.  With  stationary 
production,  about  90  years  would  be  required. 
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Distribution  of  Petroleum  in  the  United  States.  —  The  impor- 
tant fields  of  the  United  States  (PL  VI)  together  with  their  ap- 
proximate area  in  square  miles  is  as  follows  (53) :  — 

Appalachian    ....     Tenn 80 

W.  Va 570 

Ky 400 

N.  Y 300 

Ohio 115 

Pa 2000        3465 

Ldma^Indiana  ....     Ind 1000 

Ohio ^535         1535 

IlUnois 200 

Mid-Continental  .     .     .     Eas 200 

Mo 30 

Okla JOO  630 

Gulf La 60 

Tex JOO  460 

California 850 

Wyoming 750 

Colorado 200 

Michigan 80 

8170 

These  figures  of  course  represent  only  the  areas  actually  under- 
lain by  known  pools,  and  not  the  entire  area  of  the  field. 

AppaUichian  Field.  —  This  is  the  largest  oil  field  in  the  United 
States,  and  includes  portions  of  New  York,  Pennsylvania,  Ohio, 
West  Virginia,  Kentucky,  and  Tennessee. 

The  rocks  are  chiefly  sandstones,  with  a  few  Umestones,  embedded 
in  and  underlain  by  a  great  thickness  of  shales,  while  below  these 
are  probably  limestone  beds.  The  sandstones  have  a  thickness  of 
probably  2000  feet  or  more,  and  in  the  middle  and  northern  end  of 
the  field  range  from  the  Alleghany  series  nearly  to  the  base  of  the 
Devonian,  and  still  lower  in  Tennessee  and  Kentucky.  Their 
deposition  represents  a  period  of  continuous  sedimentation,  with 
the  exception  of  the  period  between  the  Mauch  Chunk  and  the 
Pottsville,  where  an  unconformity  indicates  an  interval  of  upUft 
and  erosion. 

It  may  be  said  of  the  Appalachian  field  as  a  whole  that  the  oil- 
bearing  rocks  occupy  the  bottom  and  west  side  of  a  large  structural 
trough,  whose  rim  passes  through  central  Ohio,  then  eastward  south 
of  the  Great  Lakes  and  then  south  along  the  western  base  of  the 
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Appalachians.  It  therefore  crosses  western  Pennsylvania  where 
petroleum  has  been  found  in  large  quantity.  While  the  total  area 
outlined  is  probably  over  50,000  square  miles,  the  area  actually  un- 
derlain by  known  oil-bearing  sands  does  not  appear  to  exceed  3500 
(53). 

Within  this  great  trough  there  are  a  number  of  subordinate  folds 
whose  trend  is  northeast  southwest,  while  still  minor  ones  are  foimd 
with  their  axes  at  right  angles  to  these. 
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Fio.  25.  —  Map  showing  lines  of  sections  in  Plate  VII. 

The  sandstones  are,  moreover,  found  at  increasing  depths  as  one 
goes  southward,  so  that  those  outcropping  in  Ohio  and  New  York 
may  be  2000  or  3000  feet  below  the  surface  in  southwestern  Pennsyl- 
vania or  West  Virginia. 

In  this  region  there  are  a  number  of  sandstones,  the  important 
ones  individually  underlying  many  square  miles.  These  sand- 
stones are  most  numerous  and  attain  their  greatest  thickness  in  the 
center  of  the  region. 

The  upper  or  younger  .sands  are  usually  white,  and  may  be 
conglomeratic  locally,  while  the  older  beds  are  brown  or  reddish, 
and  generally  more  uniform  in  texture. 

At  some  localities  two  or  more  sands  produce  oil,  and  the  lowest 
then  may  be  the  most  prolific.  The  wells  range  in  depth  from  100 
to  4000  feet.    ^ 


70 


ECONOMIC  GEOLOGY 


The  character  of  the  oil  found  in  this  region  is  said  by  Dr.  Day 
to  differ  essentially  from  any  other  petroleum  thus  far  found  in  the 
world.  It  is  practically  free  from  sulphur  and  usually  from  asphalt, 
but  is  rich  in  paraffin  wax.  Added  to  this  is  its  easy  conversion 
into  lamp  oil,  of  which  product  it  yields  the  greatest  percentage, 
being  far  ahead  of  all  others  except  the  Lima  and  Ohio  petroleums, 
which,  however,  are  more  expensive  to  refine. 

The  Kentucky  and  Tennessee  product,  while  inferior  to  that 
found  in  Pennsylvania,  is  much  better  than  the  Russian  or  any 
other  of  the  foreign  products  with  which  it  has  to  compete. 


Fio.  26.  —  Dingramatic  section  of  sands  in  the  central  Appalachian  region.     {After 

Grigwold  and  Munn,  U.  S.  OeoL  Surv.,  BuU,  318.) 

The  Appalachian  region,  however,  has  passed  the  zenith  of  its 
production,  that  of  Pennsylvania  having  been  reached  seven- 
teen years  ago;  and  yet  some  of  the  wells  show  a  remarkably 
persistent,  though  small,  production. 

In  New  York  State  petroleum  is  obtained  from  the  fine-grained 
sandstones  of  Chemung  age  in  parts  of  Cattaraugus,  Allegany,  and 
Steuben  counties.  The  wells  range  from  600  to  1800  feet  in  depth, 
and  while  of  small  capacity,  they  yield  a  product  of  good  quality, 
which  ranges  from  amber  to  black  in  color. 

The  petroleimi-producing  belt  extends  across  Pennsylvania,  in  a 
southwesterly  direction,  leaving  it  in  the  southwestern  corner. 
Within  this  area  (whose  general  structure  has  been  referred  to  above) 
there  are  a  number  of  oil  pools,  occurring  in  rocks  ranging  from  the 
Conemaugh  series  of  the  Carboniferous  down  to  and  including  the 
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Chemung  division  of  the  Devonian.  In  the  space  permitted  here, 
it  is  not  possible  to  go  into  detail  regarding  all  the  pools.  Suffice 
it,  therefore,  to  say,  that  the  oil  is  obtained  from  a  number  of  dif- 
ferent sands,  some  of  which  are  of  high  importance,  as  the  Berea, 
Hundred  Foot,  Fifth,  etc. 

In  the  table  given  on  pages  72  and  73,  an  attempt  has  been  made 
to  show  the  oil  (and  gas)  sands  known  in  the  different  formations, 
but  they  are  correlated  only  so  far  as  occurring  in  the  same 
formation.* 

Ohio-Ivdiana  Field  (24-26,  39-44).  —  The  discovery  of  oil  and 
gas  in  the  Trenton  rocks  of  western  Ohio  in  1884  caused  consider- 
able excitement,  since  it  showed  the  existence  of  petroleum  in  lime- 
stone, an  exception  to  previously  known  conditions,  and  at  a  much 
lower  geological  horizon  than  any  in  which  oil  or  gas  had  hitherto 
been  found.  This  field  extends  from  Findlay  in  northwestern  Ohio 
southwestward  into  Indiana. 


H       H 


(Afler  Orion, 


Most  of  the  Trenton  oil  has  been  found  in  the  upper  50  feet  of  the 
formation,  in  one  of  two  thin  streaks;  but  at  several  localities  in  both 
Ohio  and  Indiana,  a  productive  horizon  lying  from  100  to  200  feet 
deeper  has  been  discovered.  The  oils  of  this  field  contain  sufficient 
sulphur  to  require  special  treatment  for  its  elimination,  but  the  oil 
is  of  paraffin  base  like  that  of  the  Appalachian  region. 

Outside  of  the  main  field,  oil  has  been  found  in  the  Clinton  for- 
mation of  Ohio,  the  most  important  occurrence  being  in  Vinton 
County  (39).  In  Indiana  oil  has  been  obtained  from  the  Cornif- 
erous  Umestone  (Devonian)  and  from  the  Huron  sandstone  (Lower 
'  These  tables  are  those  given  by  the  respective  state  surveys. 
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Carboniferous)  in  Gibson  County.  The  latter  occurrence  is  ex- 
ceedingly pockety,  and  the  oil,  which  is  darker  and  thicker  than  the 
Trenton  oil,  has  a  low  percentage  of  iliiuninants. 

Ohio  and  Indiana  show  a  much  smaller  production  than  formerly. 
Illinois  Field  (23).  —  Oil  and  gas  have  been  known  in  Illinoia 
for  some  years,  but  the  important  discoveries  were  not  made  until 
1904,  and  the  production  since  then  has  increased  at  such  a  rapid 
rate  that  in  1908  it  was  exceeded  only  by  that  of  the  Mid-Conti- 
nental and  California  regions. 

As  indicated  by  the  map  {Fig.  28),  the  approximate  limits  of  the 
mwn  producing  territory  extend  from  Clark  and  Cumberland  coun- 
ties southward  through  Craw- 
ford and  into  Lawrence,  so 
that  the  productive  strip  has  a 
proven  length  of  approxiniately 
80  miles,  which,  however,  is  not 
underltun  throughout  by  oil. 
The  limits  may  be  extended  in 
the  future. 

There  has  been  no  regular 
production  in  this  field  outside 
of  these  general  limits,  although 
oil  has  been  found  at  a  number 
of  other  points  (23)  in  the 
state. 

The  principal  horizons  at 
which  oil  and  gas  have  thus  far 
been  discovered  are  in  the  Car- 
boniferous rocks,  the  sands 
occurring  in  both  the  Upper 
and  Lower  Coal  Measures,  the 
Pottsville  group,  and  the  Ches- 
Fia.  28. — Map  showing  approximate  area    ter  gfoup  ( Lower  Carboniferous 

;^r.:,sr'ir,"i"';f  <"  Missi.ippi.„).  The.xaot 

identification  of  the  beds  and 
correlation  of  different  sections  in  adjoining  areas  is  often  attended 
with  difficulty. 

The  oil  is  usually  found  in  sandstone,  but  the  Westfield  pool 
forms  an  interesting  exception,  for  there  it  occurs  in  a  locally  dolo- 
mitized  coal-measure  limestone.  A  doubtful  relation  exists  be- 
tween the  occurrence  of  the  oil  and  anticlines. 
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In  general  the  depth  of  the  wells  increases  from  north  to  south  as 
follows:  Oilfield  pool,  300-350;  Siggins  pool,  400  and  570;  Johnson 
township,  470  and  610;  Crawford  County,  900  to  1000;  Lawrence 
County,  950,  1300,  1500. 

The  Illinois  field  is  no  longer  included  in  the  Ohio-Indiana  region, 
because  the  oils  are  of  different  horizon.  Moreover,  the  product 
carries  less  sulphur  and  much  of  it  is  refined  without  special  treat- 
ment. Some  of  it  contains  asphalt  as  well  as  paraffin,  and  the  oils 
vary  within  wide  limits  of  gravity  and  distillation  products. 

Mid-Continental  Field  (28).  —  This  region  underlies  a  portion  of 
southeastern  Kansas  and  northeastern  Oklahoma,  and  extends 
roughly  from  Paola,  Kansas,  to  Muskogee,  Oklahoma.  The  Penn- 
sylvanian  rocks  which  outcrop  in  this  area  dip  westward  from  20  to 
30  feet  per  mile  in  Kansas  and  double  that  in  Oklahoma.  At  the 
base  are  the  Cherokee  shales  (400  to  500  feet  thick)  which  are  over- 
lain by  the  Fort  Scott  limestone  and  shale  and  rest  unconform- 
ably  on  the  Mississippian  Limestone. 

All  the  shales,  especially  the  Cherokee,  carry  sandstone  beds, 
which  3deld  oil  and  gas,  but  the  most  important  ones  are  at  the  base 
of  the  Cherokee,  while  another  one  is  near  the  top,  and  still  another 
in  the  Fort  Scott  limestone.  The  Mississippian  carries  but  little 
oil,  except  near  Muskogee,  where  an  important  sand  was  struck  at 
a  lower  geological  horizon  than  oil  or  gas  had  previously  been 
found  in  this  region.  Another  large  pool,  the  Glen,  has  been 
pierced  near  Tulsa,  Oklahoma.  Southwest  of  this  point  the 
structure  is  much  complicated  by  folding  and  faulting. 

The  oil  and  gas  are  struck  in  different  parts  of  the  re^on  at  depths 
ranging  from  350  (Coffeyville,  Kansas)  to  1600  feet  (Bartlesville, 
Oklahoma). 

Most  of  the  Kansas  oils  are  asphaltic,  but  in  Oklahoma  oils  of 
both  asphaltic  and  paraffin  types  are  found,  those  found  near  Mus- 
kogee resembling  the  Pennsylvania  oils. 

This  region  has  become  a  large  producer,  but  the  output  is  sup- 
plied mainly  by  the  Oklahoma  field,  while  the  Kansas  one  is  on  the 
decline. 

California  (15-20).  — The  oil  fields  of  California  (Fig.  29)  lie 
mainly  south  of  the  latitude  of  San  Francisco  and  on  either  side  of 
the  Central  Valley  of  the  State,  either  in  the  Coast  Range  or  on  the 
Pacific  front.  The  productive  fields  include  the  Kern  River,  Coal- 
inga,  Santa  Maria,  McKittrick,  Midway,  Sunset,  Bakersfield,  Los 
Angeles,  Puente  Hills,  and  Siunmerland.     The  sections  in  the  dif- 
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ferent  fields  include  a.  great  thickness  of  strata,  ran^ng  in  some 
cases  from  Jurassic  to  Quaternary,  the  oil  occurring  mainly  in  the 
Tertiary,  sandstones,  conglomerates, 
and  shales.  In  one  district  (Placeri  ta 
Cafion,  Puente  Hills),  it  is  found 
in  a  crystaUine  schist,  overlying 
granit«  (17). 

The  productive  areas  show  a  close 
association  with  anticlines;  indeed, 
strong  folding  and  even  faulting  are 
not  uncommon,  the  latter  having 
often  caused  interstitial  spaces  in 
which  the  oil  could  accumulate. 
Owing  to  the  fracturing  of  the  rocks 
incident  to  strong  folding  and  fault- 

Fio,  29.  —  lodez  map  of  a  portion     J^g^   q[\    seepages    STC    COnUQOn    IQ 
ome  districts. 
Eldridge  has  suggested  that "  ance 
357.)  the  stratigraphic  and  structural  con- 

ditions under  which  oil  occurs  in  the  known  fields  are  many  times 
repeated  elsewhere,  in  the  Coast  Range  and  territory  contiguous 
thereto,"  there  is  hope  for  extendii^  the  oil  re^on.  Reference 
to  two  fields  will  serve  to  indicate  the  mode  of  concurrence. 

In  the  K«m  River  field,  which  is  the  most  important,  the  well  records 
indicate  a  great  body  of  Miocene  (Tertiary)  sands  and  clays  in  which  the 
geoemi  weet«rly  dip  away  from  the  Sierra  granites  has  been  locally  inter~ 
nipted  by  antielines,  on  the  flanks  of  which  the  oil  haa  been  found. 

The  oil  occurs  in  sands  interbedded  with  the  clays  which  underlie  one 
heavy  clay  bed  and  overlie  another.  The  thickness  of  the  oil-bearing  sands 
may  vary  from  200  or  300  to  4D0  or  500  feet. 

The  Santa  Maria  field  comprises  the  Santa  Maria,  Lompoo,  and  Arroyo 
Grande  fields,  in  aorthem  Santa  Barbara  and  southern  San  Luis  Obispo 
County.  The  formations  involved  range  from  Jurassic  to  Quaternary,  in- 
volving beds  of  shale,  stone,  sandstone,  diatomaceous  earth,  volcanic  ash, 
and  in  the  Jurassic  even  schist,  jasper,  and  serpentine. 

There  are  two  structural  systems  in  the  district,  (1)  in  northeast  part, 
trending  northwest  and  southeast,  and  (2)  in  southern  part  trending  east 
and  west.  Faults  are  rare,  but  the  productive  territory  is  gently  folded. 
Most  of  the  wells  are  located  ^ong  or  near  anticlines,  and  range  in  depth 
from  1500  to  over  4000  feet.  In  the  Santa  Maria  and  Lompoc  fields  the  oil 
is  obtained  from  zones  of  fractured  shale,  or  sandy  layers  in  the  lower  portion 
of  Monterey  (Middle  Miocene),  and  has  an  average  gravity  of  25°  B.  In  the 
Arroyo  Grande  area  it  comes  from  sandstones  at  base  of  the  Fernando,  and 
has  a  gravity  cd  14°  6. 
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Although  the  Eem  River  field  leads  in  point  of  production,  the  Santa 
Maria  leads  in  the  production  per  well,  and  supphes  most  of  the  oil  exported, 
its  dtuation  Ktving  it  command  of  the  ooaat  trade  from  Alaska  to  Chile, 
as  well  as  foreign  trade  with  Japan  and  Hawaii. 

The  Summerland  field  is  of  interest,  for  the  reason  that  Arnold  believes 
the  oil  to  have  been  derived  from  diatoms  (19),  and  other  organisms  found 
in  the  Monterey  shale.  It  has  subsequently  migrated  upward  into  the 
overlying  Fernando,  and  to  some  extent  Pleistocene  formations,  ui^ed  along 
probably  by  gas  or  hydrostatic  pressure.  A  similar  origin  is  also  ascribed  to 
the  oil  in  the  CoaUnga  district. 

The  California  oils  are  generally  oharacterized  by  much  asphalt  and  little 
or  no  paraffin,  although  in  recent  years  there  baa  been  a  considerable  yield 
of  lighter  grade  oils  from 
the  Santa  Maria  and 
Monterey  districts.  Since 
these  are  well  adapted  to 
refining,  they  will  prob- 
ably bo  in  strong  demand. 

Texas-Louisiana  Oil 
Fields  (34,  35,  49-51). 
— This  includes  a  series 

of  small  scattered  fields  ieqeno 

lying    mostly   in    the    '    ^      ^      ^      ^      (3       ^ 
coastal  plMD  region  of        """'    ""■"""^    "^^      »""'     '•'"■'    o'""™ 
Texas   and    Louisiana    ^°.f 
(PI.   VI).     Underlying 
the  coastal  plain  there  is  a  series  of  Quaternary,  Tertiary,  and 
Cretaceous  clays,  sands,  and  gravels,  with  occasional  limestones, 
having  in  general  a  gentle  southeastern  dip,  interrupted  by  low 
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domes,  which,  in  parts  of  Louisiana 
at  least,  appear  to  be  due  to  the 
upthnist  caused  by  growth  of  salt 
and  g>psum  masses. 

Under  these  domes,  or  mounds, 
and  underlying  the  sediments  men- 
tioned above,  there  are  usually 
found  deposits  of  marly  or  cr>'stal- 
line  limestone  (often  dolomitic), 
sulphur,  g>7)sum,  and  rock  salt, 
which  in  most  cases  are  at  consider- 
able depth,  but  occasionally  he  at  or 
near  the  surface.  Thus  at  Avery 
Island,  Louisiana,  the  heavy  deposit 
of  rock  salt  comes  within  15  feet  of 
the  surface,  but  at  Spindle  Top, 
Texas,  the  limestone  is  800  or  900 
feet  deep. 

The  oil  is  most  frequently  found 
in  or  near  the  limestones. 

The  oil  pools  are  of  small  size,  and 
that  discovered  at  Beaumont,  Texas, 
may  serve  as  a  tj'pe  of  many.  This 
pool,  which  covers  an  area  of  about 
200  acres  (PI.  IX),  was  discovered  in 
1901,  and  within  a  year  and  a  half 
280  successful  wells  had  been  drilled. 
The  oil  rock,  which  lies  from  900  to 
1000  feet  below  the  surface,  is  a  very 
porous,  crystalline,  dolomitic  lime- 
stone, and  the  cap  rock  is  clay.  The 
occurrence  of  gjrpsum  and  salt  under- 
lying the  oil  rock  in  some  of  the  wells 
is  unique  (Fig.  31).  Many  of  the 
wells  in  this  pool  were  gushers,  but 
so  great  was  the  drain  on  this  field 
that  by  the  end  of  the  first  year  after 
its  discovery  the  pressure  was  con- 
siderably reduced,  and  in  1903  many 
of  the  wells  had  practically  ceased 
producing,  while  others  were  yielding 
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a  mixture  of  salt  water  and  oil.  The  production,  however,  is  still 
considerable,  although  the  supply  is  no  doubt  exhaustible.  The 
coastal-plain  oils  have  an  asphaltic  base,  or  are  ''  heavy,"  and  at 
times  contain  considerable  sulphur. 

In  1903  many  wells  were  being  developed  in  the  Sour  Lake  dis- 
trict about  20  miles  northwest  of  Beaumont.  The  oil  is  heavy  Uke 
that  of  Beaumont,  but  runs  lower  in  sulphur.  In  Louisiana  active 
driUing  operations  have  been  carried  on  in  the  region  around  Jennings, 
and  one  well  yielded  20,000  barrels  per  day  while  it  was  gushing. 
The  oil  resembles  that  of  Beaumont. 

The  belt  of  Cretaceous  rocks  of  central  Texas  has  yielded  both  oil 
and  gas  at  several  localities,  but  the  only  important  one  is  at  Corsi- 
cana,  where  both  a  Ught  and  heavy  oil  have  been  found  in  sands 
interbedded  with  dense  clay  shales.  The  two  kinds  of  oil  occur 
at  different  horizons. 

In  northwestern  Louisiana,  both  oil  and  gas  are  found  in  the  more  or 
less  ooosolidated  Cretaceous  rocks,  which  underlie  the  Tertiary  and  Quater- 
nary. Here  the  Cretaceous  rocks  which  dip  to  the  southward  show  a  dome- 
like uplift  of  considerable  dimensions,  which  brings  them  within  700  feet 
of  the  surface.  This  includes  the  Caddo  field,  and  although  the  oil  and 
gas  occur  separately  or  together  at  four  horizons,  viz.  the  Nacatoch, 
Austin,  Eagle  Ford,  and  Woodbine,  of  the  Upper  Cretaceous,  most  of  the 
gas  is  obtained  from  the  first  or  upper,  and  the  oil  from  the  fourth  or  lower 
division.  The  main  oil  sand  is  about  2200  feet  deep.  The  oil  from  this 
field  is  light,  similar  to  that  of  the  Appalachian  region,  and  thus  differs 
strongly  from  the  Beaumont  and  Jennings  oils  (Harris). 

Most  of  the  oils  of  the  Gulf  region  contain  considerable  quantities  of  sul- 
phur, largely  in  the  form  of  hydrogen  sulphide,  and  therefore  easily  removed 
by  steam  before  refining,  or  for  use  as  fuel.  They  make  a  good  fuel  oil, 
which  because  of  the  location  of  the  field  can  be  easily  exported,  but  they 
also  yield  a  good  grade  of  lubricating  oil.  Moreover,  the  gasolene  derived 
from  them  is  acceptable  as  a  substitute  for  turpentine. 

The  Corsicana  and  Caddo  field  oils  are  lighter  and  run  lower  in  sulphur. 

Colorado,  —  Florence  (21)  and  Boulder  (22)  are  the  two  important 
oil-producing  localities.  At  the  former  the  oil  is  found  in  beds  of 
Cretaceous  age,  at  depths  of  from  1000  to  2000  feet,  and,  unUke 
many  occurrences,  appears  to  have  accumulated  in  fissures,  although 
the  rocks  of  the  re^on  as  a  whole  form  a  sjmcline. 

At  Boulder,  the  oil  is  found  associated  with  broad  low  anticUnes  in 
sandstones  and  shales  of  the  Pierre  (Cretaceous)  formation,  and  is 
now  being  obtained  at  depths  ranging  from  2100  to  2350  feet.^  The 
oil  does  not  vary  much  in  quality. 

^  R.  D.  George,  private  communication. 
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Wyoming  (58-63).  —  This  state  cont^ns  a  number  of  oil  and 
Botne  gas  districts  (Fig.  33),  most  of  which  are  but  slightly  developed, 


and  the  geology  of  them  imperfectly  known.  The  oil-bearing  for- 
mations range  in  age  from  Carboniferous  or  Permian  to  Tertiary 
(62),  but  the  Cretaceous  cont^ns  the  bulk  of  the  oil  thus  far  discov- 


n  Wyoming.     (Aflar 


ered.  Many  of  the  occurrences  appear  to  be  associated  with  anti- 
clines (62),  but,  in  one  field  (Spring  Valley,  Uinta  County)  at  least 
(63),  the  oil  occurs  in  a  synclinal  basin  (Fig.  34),  whose  bounding 
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fault  on  the  northwest  seems  to  have  permitted  somewhat  abun* 
dant  seepage. 

The  oils  vary  in  their  gravity,  but,  according  to  published  data, 
are  mainly  of  medium  gravity.  Those  obtained  near  Evanston  are 
refined  (63). 

Uinta  and  Converse  counties  are  said  to  be  the  most  im- 
portant producers,  but  still  the  entire  output  of  the  state  is 
small. 

Alaska  (14).  —  Oil  has  thus  far  been  found  in  Alaska  at  only 
four  localities,  at  which  the  indications  were  sufficient  to  warrant 
drilling.  Wells  have  been  driven  at  three,  and  disclosed  the  presence 
of  oil  similar  to  that  of  Pennsylvania.  All  of  the  fields  lie  in  the 
Pacific  coast  region,  but  none  have  been  extensively  developed,  as 
the  low  price  of  infported  oil  and  high  cost  of  drilUng  in  Alaska  have 
discouraged  attempts  towards  development. 


I     LwigU wi«  W*«  rvon  O  ravnwick     I !  4  ' 
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Flo.  35.  —  Map  of  Alaska,  showing  areas  in  which  oil  or  gas  are  known  to  occur. 

(After  Day.) 

In  the  Eatalla  field,  located  near  the  mouth  of  the  Copper  Biver, 
the  oil  is  foimd  in  complexly  folded  and  faulted  Tertiary  shales  and 
sandstones.  At  Cook  Inlet,  folded  and  faulted  Jurassic  shales  and 
sandstones  form  the  petroHferous  horizon.  At  Cold  Bay,  where 
seepages  are  found  as  in  the  other  fields,  the  structural  conditions 
and  age  of  the  oil-bearing  strata  are  similar  to  those  at  Cook  Inlet. 
Seepages  are  found  in  Tertiary  rocks  near  Cape  Yakataga,  but  no 
wells  have  been  drilled. 

Summary,  —  The  following  table  summarizes  very  briefly  the 
mode  of  occurrence  in  the  several  fields:  — 

G 
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Summary  of  Oil  Occurrence  in  the  Principal  Fields 


Field 


Appalachian. 

Lima-Indiana. 
Illinois. 
Michigan. 
Mid-Continental. 

Wyoming. 
Colorado. 
Gulf  Coast. 

California. 

Alaska. 


Stbuctubb 


Geossrncline  with 
subordinate  an- 
ticlines. 

Anticlines. 

Low  anticlines  (?) 

Probably      anti- 
clines. 

Westerly         dip, 
with  some  anti- 
clines. 

Usually  folded. 

Folded. 
Domes. 


Folded 
faulted. 

Folded 
faulted. 


and 


and 


Gbolooic  Agb 


Ordovician       to 
Carboniferous. 

Ordovician. 

Carboniferous. 

SUurian. 

Carboniferous. 


Carboniferous  to 

Tertiary. 
Cretaceous. 

Tertiary         and 
Cretaceous. 

Tertiary. 


Jurassic  to  Ter- 
tiary. 


Kino  of  Rock 


Mostly  sandstone. 


Mostly         lime- 
stone. 
Sandstones. 

Sandstones. 

Shales,         sand- 
stones mostly. 

Mostly  sandstone. 

i  Sandstone      and 

shale. 
Dolomite        and 

sandstone. 

• 

Sandstones, 
shales,        con- 
glomerates. 

Sandstones     and 
shales. 


Kind  op  Oil 


Paraffin  base. 


Paraffin  base.  Sul- 
phur. 

Paraffin  and 

mixed  oils. 

Paraffin  base. 

Both  paraffinio 
and  asphaltic. 

Paraffinio  and  as- 
phaltic. 
Paraffinic. 

Mainly  asphaltic, 
sometimes  high 
sulphur. 

Mainly  asphaltic. 


Paraffin. 


Distribution  of  Natural  Gas  in  the  United  States.  —  The  distribu- 
tion of  gas  is  practically  coextensive  with  that  of  petroleum,  and 
most  oil  wells  yield  some  gas;  but  the  regions  from  which  supplies  are 
obtained  and  utilized  are  fewer  than  those  of  petroleum. 

Day  (53)  gives  the  following  estimate  of  the  area  in  square  miles 
of  gas  pools  in  the  several  fields. 


Appalachian 


Kentucky 290 

New  York 550 

Ohio 110 

Pennsylvania     ....  2730 

West  Virginia    ....  1000 


Ohio-Indiana 


Illinois        

Michigan 

Mid-Continental Oklahoma 

Missouri   . 

Kansas 

Colorado 

Wyoming 

California 

Texas-Louisiana 

Others 


1000 

70 

550 


4680 


Indiana 2460 

Ohio 165        2625 


50 
40 


1620 

80 
120 
310 
240 
290 
10,055 
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The  most  important  producing  states  at  the  present  time  are 
Pennsylvania  (78),  Ohio  (77),  West  Virginia  (66),  Kansas  (70), 
New  York  (74),  and  Indiana  (68). 

New  York  (74,  75).  —  Gas  is  found  in  several  formations,  includ- 
ing the  Medina  (Silurian)  and  Oswego  sandstones  (Silurian),  Utica 
shale  (Ordovician),  and  Potsdam  (Cambrian)  sandstone,  but  the 
main  supply  is  distributed  through  the  Devonian  sandstones  of  south- 
western New  York.  A  large  field  in  Erie  County  obtains  its  supply 
from  the  Medina  sandstone,  some  of  the  wells  having  yielded  as 
high  as  1,000,000  cubic  feet  daily.  In  Onondaga  County  gas  is 
found  in  the  Trenton  Umestone  (Ordovician). 

Pennsylvania.  —  Gas  is  obtained  from  the  same  formations  that 
carry  the  oil.  The  Bradford  district  was  the  first  developed,  and 
formerly  yielded  gas  of  high  pressure.  Much  has,  even  recently, 
been  obtained  from  McKean,  Elk,  and  Warren  counties.  Exten- 
sive deposits  were  also  found  about  Pittsburg,  and  later  to  the  south 
of  it.  Greene  and  Washington  counties  now  produce  important 
supplies  from  a  pool  whose  length  is  about  25  miles  and  width  3  to  4 
miles,  with  pressure  ranging  from  800  to  1000  pounds.  Although  in 
recent  years  several  new  gas-bearing  sands  have  been  discovered 
in  southwestern  Pennsylvania,  the  enormous  demand  for  the  gas 
threatens  exhaustion  of  the  available  supply  at  no  very  distant 
date. 

West  Virginia  (see  Petroleum  ^  references).  —  This  state  is 
now  the  leading  producer  of  natural  gas  in  the  United  States, 
and  is  even  now  an  important  source  of  supply  for  both  Ohio  and 
Pennsylvania,  whose  gas  supply  is  slowly  falling  ofiF.  The  main 
supply  is  obtained  from  the  Gordon  and  Fifth  sands  of  the  Catskill 
(Devonian)  formation,  this  being  a  higher  horizon  than  that  3delding 
the  gas  in  the  Bradford  district  of  Pennsylvania.  Immense  quanti- 
ties are  obtained  from  the  fields  of  Wetzel  and  Tyler  counties,  the 
wells  being  from  2700  to  3200  feet  deep.  Pipe  lines  are  now  run 
from  this  district  to  Pittsburg,  and  a  line  has  been  laid  from  Tyler 
County  to  Cleveland,  Ohio.  Unfortunately,  by  allowing  it  to  escape 
with  the  petroleiun,  many  thousand  cubic  feet  of  gas  have  been 
wasted  in  this  state. 

Ohio  (76-77).  —  The  Trenton  (Ordovician)  limestone,  which 
formerly  supplied  large  quantities  of  natural  gas,  is  now  so  nearly 
exhausted  that  Uttle  gas  is  obtained  except  by  pumping.  Some 
gas  is  obtained  from  the  Clinton  (Silurian)  sandstone  of  central  and 
eastern  Ohio,  and  small  amounts  from  the  Corniferous  (Devonian) 
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limestone;  but  many  towns  in  this  state  are  now  supplied  by  the 
West  Virginia  fields. 

Indiana  (67,  68).  —  The  gas  fields  of  this  state,  covering  about 
2500  squariB  miles,  were  formerly  among  the  most  important  in  the 
country,  the  gas  being  obtained  from  the  Trenton  limestone.  The 
supply  is,  however,  rapidly  giving  out,  and  its  complete  exhaustion  is 
probable  at  no  very  distant  date. 

Kansas  (70).  —  Southeastern  Kansas  and  also  northern  Okla- 
homa are  underlain  by  what  is  probably  an  extensive  sandstone 
gas  field.  The  supply  comes  from  the  Cherokee  (Carboniferous) 
shale,  and  is  now  much  used  as  a  source  of  fuel  in  the  local  metallur- 
gical and  manufacturing  industries. 

Some  gas  is  obtained  from  eastern  Kentucky.  Scattered  pockets 
of  high-pressure  gas  have  also  been  found  at  several  localities  in 
Texas,  Louisiana  (73),  and  also  in  California. 

Uses  of  Petroleum.  —  The  three  most  important  uses  are  for 
light,  heat,  and  lubrication;  but  the  various  distillates  have  special 
uses.  Rhigolene  is  used  as  a  local  anaesthetic,  gasoline  is  used  as 
fuel,  and  naphtha  as  a  solvent  for  resins  in  making  varnish  and  in 
oilcloth  manufacture,  while  benzine  is  of  value  for  cleaning  and  as  a 
substitute  for  and  an  adulterant  of  turpentine.  Astral  oil  and  min- 
eral sperm  oil  are  special  grades  of  illuminating  oil  with  high  flashing 
points.  Crude  petroleum  is  now  much  used  for  fuel  purposes  in 
engines,  as  along  the  Pacific  coast  and  in  the  southwest,  where  good 
coal  is  so  scarce  that  many  of  the  locomotives  are  run  by  the  use  of 
crude  oil. 

The  paraflBn  residue  is  placed  on  the  market  for  medicinal  pur- 
poses under  the  name  of  vaseline,  petroleum  ointment,  and  cosmo- 
line.  It  is  also  used  as  an  adulterant  of  candy  and  for  electrical  in- 
sulation. 

Uses  of  Natural  Gas.  —  Natural  gas  is  widely  employed  as  a  fuel 
in  factories,  metallurgical  establishments,  glass  works,  cement  plants, 
etc.  For  domestic  purposes,  such  as  heating,  cooking,  and  lighting, 
it  is  also  widely  used.  Its  cheapness,  cleanliness,  and  high  calorific 
power,  and  the  ease  with  which  it  can  be  used,  have  been  important 
factors  in  insuring  its  widespread  selection  for  the  above  purposes. 
Some  is  used  in  the  manufacture  of  lampblack. 
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SOLID  AND  SEMI-SOLID  BITUMENS 

Under  this  heading  are  included  (1)  bitumens  of  a  more  or  less 
solid  character  which  are  found  filling  fissures  in  the  rocks,  or  some- 
times occupying  basin-shaped  depressions  on  the  surface,  and  (2) 
bitumen  of  viscous  character,  or  maltha,  which  is  found  oozing  from 
fissures  or  pores  of  the  rocks  and  sometimes  collecting  in  pools  on  the 
surface. 

Both  of  these  are  usually  of  rather  high  purity,  and  those  belonging 
to  the  first-named  group  may  have  a  rather  wide  geologic  and  geo- 
graphic (Fig.  36)  range. 


Those  of  the  first  group  were  termed  asphaUUea  by  Eldridge,  but 
ance  they  are  not  all  true  asphalts,  it  seems  beat  perhaps  to  avoid 
this  term.  They  are  most  commonly  found  filling  fissures,  usually 
in  sedimentary  rocks,'  and  might  perhaps  be  termed  vein  bitumens. 

Vein  Bitumens.  —  There  are  several  varieties  of  these,  all  black 
or  dark  brown  in  color,  commonly  with  a  pitchy  odor,  burning 
readily  with  a  smoky  flame,  and  insoluble  in  water,  but  soluble  to  a 

>  The  anthisiolite  of  Onbuio  occurs  in  bUW,  and  an  asphalt  vein  in  guarti- 
porphyry  has  been  described  from  near  Heidelberg,  Geimnnj'.  (GeoL  ZentraibI,. 
XIII:  5*7,  1906.) 
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varying  degree  in  ether,  oil  of  turpentine,  and  naphtha.  Their  spe- 
cific gravity  ranges  from  1  to  1.1.  They  are  closely  related  chemi- 
cally and  in  their  mode  of  occurrence,  but  diflfer  somewhat  in  their 
behavior  toward  solvents,  as  well  as  in  their  fusibility,  so  that  their 
identification  is  often  somewhat  uncertain.  The  most  important 
varieties  are  described  below. 

AlbertUe  (91).  A  blaok  bitumen  with  a  brilliant  luster  and  oonchoidal 
fracture,  a  hardness  of  1  to  2,  and  specific  gravity  1.097.  It  is  barely  soluble 
in  alcohol,  and  dissolves  to  the  extent  of  4  per  cent  in  ether  and  30  per  cent 
in  oil  of  turpentine. 

Some  American  occurrences  of  vein  bitumens  are  thought  to  belong 
here,  but  the  most  important  occurrence  is  at  Albert  Mines,  New  Bruns- 
wick (91)  where  a  vein  of  albertite  is  found  in  the  Upper  Devonian  shales. 
The  vein  had  a  length  of  about  half  a  mile  and  was  followed  down  its  steep 
dip  to  a  depth  of  1500  feet.  Its  thickness  varied  from  15  feet  to  zero, 
and  branch  veinlets  ran  off  into  the  wall  rock.  It  was  worked  for  thirty 
years  and  proved  to  be  one  of  the  most  profitable  mineral  industries  of  New 
Brunswick. 

Antkraxolite  (93)  is  a  coaly,  lustrous,  black  mineral,  with  a  hardness  of 
3  to  4,  and  specific  gfravity  of  1.965.  It  is  found  at  Sudbury,  Ontario, 
forming  veins  in  a  black  fissile  slate,  but  has  also  been  described  from  other 
localities. 

Ozokerite  (98,  106),  also  termed  mineral  wax  or  naJbive  paraffin^  is  a  wax- 
like hydrocarbon,  yellow  brown  to  green,  translucent  when  pure,  and  of 
greasy  feel.  Its  specific  gravity  ranges  from  .845  to  .97.  It  is  easily  soluble 
in  petroleum,  benzine,  benzole,  turpentine,  and  carbon  disulphide,  but 
more  difficultly  so  in  ether  and  ethyl  alcohol. 

It  is  known  to  occur  in  Utah  (106)  where  the  material  is  found  filling 
fissures  in  zones  of  crushed  Tertiary  shales,  sandstones,  and  limestones, 
near  Midway,  Soldiers  Summit,  and  Coulters  station  on  the  Rio  Qrande  and 
Western  RaQway.  The  conditions  are  not  regarded  as  very  favorable 
for  working.  The  most  important  deposit  of  Ozokerite  is  in  Galicia.  There 
it  is  found  forming  veins  from  a  few  millimeters  up  to  several  feet  in  thick- 
ness, in  much-disturbed  Miocene  shales  and  sandstones. 

GrahamiU  (97,  105,  108).  —  This  has  a  hardness  of  2,  and  a  specific  gravity 
of  1.145.  It  is  pitch-black,  slightly  soluble  in  alcohol,  partly  so  in  ether, 
petroleum,  and  benzole,  but  almost  completely  in  turpentine.  Carbon  di- 
sulphide and  chloroform  dissolve  it  completely. 

Grahamite  was  originally  found  in  the  Carboniferous  sandstones  of 
Ritchie  County,  W.  Va.^  There  it  occurred  in  a  deep  vertical  fissure  1  to  5 
feet  wide  at  the  surface,  and  nearly  a  mile  in  length,  Which  was  opened  up  at 
right  angles  to  the  direction  of  an  anticlinal  fold  (Pig.  37).  Through  this  the 
oil  escaped  upwards  from  an  oil  pool,  known  to  occur  below,  and  was  oxi- 
dized to  grahamite.     The  vein  has  long  since  been  worked  out. 

Deposits  of  grahamite  are  also  known  in  southeastern  Oklahoma,  where 
the  material  occurs  in  steeply  pitching  veins,  in  sandstones,  and  shales. 

>  White,  Bull.  Geol.  Soc.  Aroer.,  X  :  277,  1899. 
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The  wall  rooks  which  are  of  Ordovioian  to  Carboniferous  age,  vary  from 
flat  to  highly  folded,  and  the  grahamite  shows  corresponding  fluctuations  in 
composition  which  are  due  no  doubt  to  differences  in  the  degree  of  meta- 


FiG.  37.  —  Map  showing  relation  of  grahamite  fissure  to  anticlinal  fold,  in  Ritchie 
County,  W.  Va.     {After  WhUe,  BuU.  Oeol.  Soc.  Amer,,  X,) 

morphism  which  the  rocks  have  undergone.     The  veins  are  uncertain  in 
extent,  and  with  two  exceptions  have  not  warranted  extensive  development. 
Other  deposits  are  located  in  western  Arkansas  but  the  material  is 
badly  crushed  and  more  highly  metamorphosed  (105). 

Proximate  Analyses  of  Oklahoma  and  Arkansas  Bitumen 


I 

II 

III 

Moisture 

Volatile  bitumen 

Fixed  Carbon 

Ash 

Sulphur 

.25 

43.33 

55.97 

1.45 

1.47 

.09 
23.06 
75.90 

.95 
1.69 

2.51 

17.78 

79.15 

.56 

1.38 

I.  Impson  Valley  grahamite.  II.  Black  Fork  Mountain  vein  bitumen. 
III.  Fourche  Mountain  vein  bitumen.  Nos.  II  and  III  occur  in  the  more 
highly  folded  rocks,  and  show  effects  of  metamorphism. 

Wurtzilite  (97)  is  a  bitumen  related  possibly  to  gilsonite,  but  distinguished 
from  it  by  its  behavior  towards  solvents,  and  by  its  elastic  and  sectile 
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properties.  It  has  a  tutrdness  of  2-3,  and  specific  gravity  of  1.03;  is  black, 
with  pitchy  luster,  and  petroleum-4ike  odor.  Tabbj/ite  is  regarded  by  some 
as  similar.  Wurtzilite  is  found  fill- 
ing fissures  in  Tertiary  calcareous 
shales  and  limestones  in  the  western 
part  ot  the  Uinta  Basin,  Utah.  It 
has  been  but  little  mined. 

Lake  Asphalt  (103)  is  not  found 
in  the  United  States,  but  occurs  in 
the  famous  pitch  lake  on  the  island 
of  Trinidad,  off  the  coast  of  Vene- 

The  deposit  PI.  X  and  PI.  XI, 
'  Fig.  1,  appears  to  occupy  a  basin- 
shaped  depression  of  about  100 
acres  and  nearly  circular  outline 
(Pig.  38)  lying  138  feet  above  the 
sea  level.  The  material  evidently 
arises  from  some  source  below,  as 
excavations  made  in  the  pitch  fill 
up  again  in  a  short  time.  Two 
forms  of  the  asphalt  are  recognized, 
viz.  the  lake  pitch  and  the  land 
pitch,  the  latter  being  asphalt  which 
has  overfiowed  from  the  lake  at  a 
low  point  on  its  rim,  and  run  down 
to  the  sea.  Up  to  the  present  time 
about  3  million  short  tons  of  asphalt 
have  been  exported  trtnn  the  island. 
Manjak  (lOOa)  is  the  name  applied  to  a  bitumen 

resembling  Uintaite,  found  on  the  island  ot  Barbados. 

It  is  a  bydrocarbon  of  high  purity,  block  color,  brilliant 

luster,  and  conchoidal  fracture. 

The  Manjak  is  found  in  veins  cutting  obliquely 

across  the  upper  strata  of   the   oil  series  (Oligocene) 

and    disseminated    through   the   clays.     The   largest 

vein  is  over  27  feet  thick  and  often  shows  unusually 

rich  pockets.     The  close  association  of  this  asphalt 

with  the  petroleum  has  led  most  geologists  to  assume 

its  derivation  from  the  latter. 

Vinlaite,    or   Qilsonile    (97),   is  a   black,   brilliant 

bitumen,  with  conchoidal  fracture,  hardness  2  to  2.5, 

and  specific  gravity  of   1.065   to   1.07.     It  is  partly   Fio.   39.  — Section   of 

soluble  in  alcohol  (45.4  per  cent),  more  so  in  ether,  and      GUBonite  vein,  Utah. 

oompletelv  in  chloroform  and  warm  oil  of  turpentine,      (After  Eldridge,  V.  S. 

It  is  found  filling  a  series  of  fissures  (Pigs.  39  and      Gtol. Sx,rr>.,nA Ann. 

40),  termed  veins,  in  the  Bridger  beds  of  the  Tertiary      ^'P'-  ■''■ 

of  Uintah  and  Wasatch  counties,  northeastern  Utah,  and,  to  a  less  extent,  in 

western  Colorado.     The  veins  strike  usually  northeast-southwest,  and  vary 
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greatly  in  width,  extremes  or  IS  feet  being 
reported.  They  are  tisoeable  for  long  dis- 
tances, but  their  vertical  depth  appears  to 
be  unknown. 

Maltha.  —  This  is  usually  found  issuing 
from  orevioea  or  pores  of  the  rocks,  the  latter 
being  Bometimes  of  bituminous  oharact«r. 
It  oan  also  be  extiaoted  from  bituminous 
rock  and  aaphaltio  oils. 

Maltha  is  not  known  to  occur  in  large 
deposits  in  the  United  States,  although  it  is 
somewhat  widely  distributed  in  some  of  the 
California  oil  fields,  where  the  petroleum 
exudes  from  the  rocks,  and  on  exposure  to 
the  air  becomes  converted  into  maltha  by 
the  loss  of  its  more  volatile  constituents. 
In  the  Santa  Barbara  (18)  and  Eem  County 
oil  fields  it  is  found  in  fissures  of  limited 
extent.  Its  ooourrence  has  also  been  not«d 
in  Oklahoma. 

Oil  asphalt  is  obtained  trom  the  distillation 
of  certain  aspholtic  oils  of  California  and 
Texas,  and  some  of  these  are  said  to  contain 
over  35  per  cent  of  it.' 


Fio.  40.  —  Gilannite  roioa  at 
Dragon.  Utah.  The  cut 
represenlB  poBition  of  vein. 
{Kept,  of  Coal  Mint  In- 
gpeclor,  Utali.  1905-1906.) 


Elbmbntart  Analtsbb  of  Bitumens  a 


.  Mil 


o^ 


1,  e,  ID,  11.  Ricbardaoa,  "Natura  ud  Or((in  of  Asphalt."  ISSS.  2.  Munic.  Edc.  Mac. 
nna-Aiisurt,  1897.  3.  .Vmer.  Jour.  Sci..  Bept.  1809,  p.  221.  4.  Wurti.  uilyit,  Amer.  Jour. 
U.,  iii,  VI:  415.  1S73.  S.  Hits,  analyst.  Geol.  Soc.  Amer.,  Bull.  X;  283,  1S99.  A  proiimats 
lulrsiinuid*  on  another  umpla  lava  1.13  lulphur.  fl.  Tnuia.  Amer.  Pfailoa.  Boe.,  ^lila. :  S53, 
SS3.  T.  RiohanlHn.  Modem  Aephalt  Pavsmeat:  209,  1905.  S.  Jour.  FraokL  lust.,  CXL, 
lo.  837,  Sspt.  IS9S. 

>Ta0,  n.  3.  Oeol.  Surv.,  Min.  H«a.,  1908. 
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BITUMINOUS  ROCKS 

Under  this  heading  are  included  consolidated  and  unconsolidated 
rocks,  whose  pores  are  more  or  less  completely  filled  with  bituminous 
matter,  often  of  asphaltic  character  (97). 

They  are  commonly  classified  according  to  the  character  of  the 
containing  rock  as  bituminous  sands  or  sandstones,  bituminous 
limestones,  shales,  or  schists. 

Bituminous  rocks  vary  not  only  in  their  richness,  but  also  in  their 
value  for  paving  purposes,  for  while  in  some  the  bituminous  matter 
is  purely  asphalt  proper,  in  others  it  may  consist  wholly  or  in  part  of 
maltha  or  some  liquid  bitumen,  which  may  interfere  with  its  use  for 
paving  purposes. 

Deposits  of  bituminous  rock  are  more  widely  distributed  than  the 
vein  bitumens,  being  found  in  several  geological  horizons,  and  are 
worked  in  Kentucky  (97),  Oklahoma  (97),  and  California  (97). 

In  California  deposits  of  asphaltic  shale  and  sandstone  are  not  of 
rare  occurrence  in  the  oil  regions  from  Santa  Cruz  southward.  The 
bituminous  sandstone  quarried  near  the  above  named  place  (PI.  XI, 
Fig.  2)  is  of  blackish  or  brownish-black  color,  weathering  to  gray, 
and  occurs  beneath  the  Monterey  shales;  it  sometimes  rests  directly 
on  the  granites.  The  bitumen  impregnates  the  heavy-bedded  sand- 
stone immediately  imder  the  shale,  and  also  the  sand  that  fills 
cracks  which  extend  up  into  the  shale.  These  cracks,  which  vary 
in  width  from  very  minute  size  up  to  25  or  30  feet,  are  sometimes 
traceable  for  several  hundred  feet,  being  at  times  of  value  as  guides 
in  finding  the  main  bed. 

Analyses  of  Bituminous  Rocks 


LOCALITT 

MOISTURB 

SOLUBLB 
IN  CSs 

CaCOg 

MgOO. 

Sand  or 

CXiAT 

California 

Kentuoky 

Seyssel,  France    .     .     . 
Limmer,  Germany    .     . 

2.50 

20.20 
5.76 
8.15 

18.26 

3.00 

91.70 
56.50 

27.01 

74.00 

94.22 
4.98 

OIL  SHALES 

Shale  containing  sufficient  petroleum  to  permit  its  extraction  by 
a  process  of  distillation  is  known  as  torbanite  or  kerosene  shale  (80-84). 
Such  shales  are  found  in  the  Carboniferous  of  New  South  Wales, 
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Australia,  New  Zealand,  and  Scotland,  and  in  the  Cretaceous  of 
Brazil.  Those  in  New  South  Wales  are  being  worked,  and  in  Scot- 
land the  industry  has  thrived  under  careful  management  for  a  num- 
ber of  years. 

In  Albert  and  Westmoreland  Countiesof  New  Brunswick,  Canada, 
there  is  a  considerable  area  underlain  by  black,  brown,  and  gray 
shales  of  Upper  Devonian  age,  which  contain  a  number  of  bands  of  oil 
shale.  Tests  of  some  of  these  have  yielded  63  gallons  of  crude  oil  per 
ton,  and  in  1909  investigations  were  under  way  looking  towards  their 
development. 

Oil  shales  are  but  little  known  in  the  United  States,  although  they 
no  doubt  exist. 

The  following  analysis  indicates  the  composition  of  an  oil  shale : 


Rich  shale,  Joadja,  N.S.W. 


Mois- 

TUBB 

Volatile 
Hydro- 
carbon 

Fixed 
Carbon 

Ash 

.16 

89.59 

5.27 

4.96 

Sulphur 


.384 


The  oil  can  be  obtained  by  distillation  in  retorts;  but  in  view  of  the  large 
available  supplies  of  petroleum,  obtainable  in  many  parts  of  the  world, 
the  material  at  present  has  but  little  commercial  value. 

The  crude  oil  extracted  by  distillation  from  a  ton  of  Scotch  shale  (Steu- 
art)  varies  from  16  to  35  gallons  and  the  anmionium  sulphate  from  30-70 
pounds.  The  refined  products  of  the  crude  oil  are  spirit  of  naphtha,  4  per 
cent;  burning  oil,  33  per  cent;  gas  oil,  7  per  cent;  lubricating  oil,  20  per  cent; 
solid  paraffin,  10-12  per  cent. 

Origin  of  Solid  Bitumens  and  Bituminous  Rocks.  —  A  study 
of  the  deposits  leads  to  the  conclusion  that  these  solid  bituminous 
compounds  have  been  derived  from  petroleum  (87, 88, 89, 90),  for  the 
following  reasons :  In  the  vein  deposits  the  solid  bitumens  are  often 
associated  with  petroleum  springs,  or  with  fissures  leading  down  to  or 
toward  petroleum-bearing  strata.  In  some  cases  the  material  not 
only  fills  such  a  fissure,  but  impregnates  the  wall  rock  to  a  distance 
of  a  foot  or  more  on  either  side  of  the  vein,  indicating  that  the 
material  came  up  through  the  fissure  in  a  liquid  condition,  filhng  it, 
and  even  penetrating  the  wall  rock. 

The  bitumen  in  bituminous  rocks  may  either  have  originated  from 
organic  remains  within  the  rock  itself  or  have  seeped  into  it  from 
some  neighboring  pool.  In  either  case  the  material  seems  originally 
to  have  been  liquid  petroleum,  some  of  which  later  sohdified. 
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Uses  of  Asphalts.  —  Trinidad  asphalt  mixed  with  powdered  rock 
and  tar  is  much  in  use  for  pavements,  and  the  bituminous  rocks  are 
employed  for  similar  purposes.  Ozokerite,  known  as  Ceresin  in  its 
purified  form,  is  used  in  the  manufacture  of  candles,  ointments, 
powders,  as  an  adulterant  of  beeswax,  and  for  bottles  to  hold  hydro- 
fluoric acid. 

The  most  important  use  of  Uintaite  and  Manjak  is  for  making  low 
grade  and  dipping  varnishes,  such  as  are  used  for  iron  work  and  bak- 
ing Japans.  Other  uses  to  which  the  Uintaite  at  least  has  been  put 
are  for  preventing  electrolytic  action  on  iron  plates  of  ship  bottoms, 
coating  masonry,  acid-proof  lining  for  chemical  tanks,  roofing  pitch, 
insulating  electric  wires,  as  a  substitute  for  rubber  in  common  garden 
hose,  and  as  a  binder  pitch  in  making  coal  briquettes. 

Production  of  Petroleum  and  Natural  Gas.  —  Petroleum  has 
long  been  known  in  many  parts  of  the  world  because  of  its  presence 
in  bituminous  springs  or  as  a  floating  scum  on  the  surface  of  pools. 
It  was  used  at  an  early  date  on  the  walls  of  Babylon  and  Nineveh, 
and  was  obtained  by  the  Romans  from  Sicily  for  use  in  their  lamps. 

In  the  United  States  petroleum  was  mentioned  by  French  mis- 
sionaries even  in  1635,  and  the  early  Pennsylvania  settlers  obtained 
small  quantities  by  scooping  out  the  oil  from  dug  wells.  Its  dis- 
covery at  a  greater  depth  on  the  western  slope  of  the  Alleghanies 
was  made  during  the  drilling  of  brine  wells;  but  its  early  use  was 
chiefly  a  medicinal  one  until  1863,  when  attempts  were  made  to 
purify  it  for  use  as  a  lubricant  and  illuminant.  The  beginning  of 
the  oil  industry  is  usually  considered  to  date  from  the  sinking  of  a 
successful  well  by  Colonel  Drake  on  Oil  Creek,  Pennsylvania,  in 
1860.  From  this  center  prospectors  spread  out  in  all  directions, 
making  valuable  discoveries,  until  now  petroleum  production  and 
refining  rank  among  the  leading  industries  of  the  country,  the  supply 
coming  from  many  states. 

Natiu'al  gas  was  discovered  and  first  employed  for  economic  pur- 
poses at  Fredonia,  New  York,  in  1821.  In  1841  it  was  used  in  the 
Great  Kanawha  Valley  as  a  fuel  in  salt  furnaces,  but  its  first  ex- 
tensive use  began  in  1872  at  Fairview,  Pennsylvania.  It  was  used 
in  1885  for  iron  smelting  at  Etna  Borough  near  Pittsbiu-g,  and  in 
1886  was  piped  nineteen  miles  from  Murraysville  to  Pittsburg. 
Now  natural  gas  is  piped  long  distances  to  cities,  being  used  as  a 
fuel  in  many  industries,  as  well  as  for  domestic  heating  and  lighting. 

The  following  tables  give  the  production  of  oil  and  gas  from  1904 
to  1908  inclusive.     The  production  of  oil  since  1880  is  shown  dia- 
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"^             b  «ii>   icio.  nooK-noK  tx  •'iwn    i»»   0  im 

I                                 .| 

'"■       ^  v^^Jm'' 

f'^^tltM 

I          ^  ^-^          fjT 

:      y.   .^Jjyj 

Fio.  41.  —  ProduotioD  of  oil  fields. 

gramatically  in  Pig.  41.  Where  the  production  has  fallen  below 
200,000  barreb  no  attempt  has  been  made  to  show  it.  This  affecta 
only  the  Gulf  and  Mid-Continental  fields. 


i  33,427.473 

t  IJI  7,337 

1  376.238 
1  SI  ,084 

I  10.9e4.247 

!  12.013.405 

t  28.136,188 


Vnlud  SutM 


33,098,598 
1,213,548 
4,397! 
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QUANTITT  AND    V^ALUE   OP  PETROLEUM  PRODUCED  IN  UNITED  StATSS, 

1904r-1908  —  Continued 


1907 

1908 

QuANTrry 
bbl. 

Value 

Qdantitt 
bbl. 

Valub 

PennBylvania  .     .     . 

9.999.306 

$17,579,706 

9.424.325 

$16,881,194 

Ohio       .     . 

»         •         • 

12,207.448 

14.769.888 

10.858.797 

14,178.502 

West  Virginia 

•         • 

9,095.296 

15.852.428 

9.523.176 

16.911.865 

California    . 

t         •         • 

39.748.375 

14.699,956 

44,854.737 

23.433.602 

Kentucky  and 

Ten- 

uOuBOO 

■         •         ■ 

820.844 

862.396 

727,767 

706.811 

Colorado     . 

■         •         • 

331.851 

272,813 

379,653 

346.403 

Illinois    .     . 

•         • 

24,281,973 

16,432,947 

33,685,106 

22.648,881 

Indiana  .     . 

k         •         • 

5,128.037 

4,536.930 

3,283,629 

3.203,883 

Kansas  .     . 
Oklahoma  . 

»         •         • 
■         • 

45.933.649 

18.478.658    { 

1,801,781 
1      45,798,765 

746.695 
17.694.843 

Texas     .     . 

■         •         • 

12,322.696 

10.401.863 

11.206,464 

6,700.708 

Wyoming    .     . 

k            •             ■ 

9.339 

21.8831 

17.775 

27.920* 

Louisiana    . 

•            • 

5,000.221 

4.063.033 

6.835.130 

4.131.173 

New  York  . 

1            •            • 

1,212,300 

2.127.748 

1.160,128 

2,071.533 

United  Btotes  .    .    . 

166,095,335 

120.106.749 

179,572,479 

129.706.258 

Production  of  Petroleum  in  the  United  States,    1904-1908,    by 

Fields,  in  Barrels 


1904 

1905 

1906 

1907 

1908 

Appalachian      .     .     . 
Lima-Indiana    .     .     . 

Illinois 

Mid-Continent       .     . 

Gulf 

California      .... 
Other 

•31.408.567 
24.689.184 

6.186,629 

24.631,269 

29,649,434 

515.877 

29.366.960 
22,294,171 

181,084 
12.535,777 
36.526.323 
33,427,473 

385.792 

27,741,472 
17,554,661 
4,397,050 
22,838,553 
20,527,520 
33.098.598 
336.082 

25.342.137 
13.121.094 
24.281.973 
46.846,267 
16.410,299 
39.748,375 
345.190 

24.945.517 
10.032,305 
33.685,106 
48,323,810 
17.318,330 
44,854.737 
412.674 

Total 

117.080.960 

134,717,580 

126.493.936 

166.095.335 

179,572,479 

The  average  price  per  barrel  of  petroleum  naturally  varies 
somewhat  from  year  to  year.  In  1885  it  was  87^  ^;  in  1890 
86i  ^;  in  1900,  $1,194;  in  1903,  94i  ^;  in  1906,  .731  ^;  and  in  1908, 
722^. 

The  total  number  of  barrels  of  petroleum  produced  in  the 
United  States  from  1859  tcr  the  end  of  1908  was  1,986,180,942,  with 
a  value  of  $1,784,583,943,  while  the  total  value  of  natural  gas 
produced  in  the  United  States  from  1882  to  the  end  of  1908  was 
$581,479,911. 

The  world's  production  of  petroleum  from  1904  to  1908  was  as 
follows:  — 

1  Includes  Utah. 
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World's  Production  of  Crudb  Petrolbitm,  1904-1908,  by 

Countries 
(Barrels  of  42  gaUons) 


Peb- 

CBNTAGS 

COTTMTBT 

1904 

1906 

1906 

1907 

1908 

ofTotal 

Pkoduo- 

TION 

Barrels 

Metric  tons 

UnitedStates 

117,080.960 

134.717.580 

126,493.936 

166.095.335 

179,572.479  23.942.997 

63.09 

Russia    .     . 

78,536.655 

54,960,270 

58,897,311 

61,850.734 

62,186.447 

8,291.526 

21.85 

Sumatra, 

Java,  and 

Borneo 

7,682.014 

8.586,804 

8,662,572 

8,377.099 

8.762,822 

1.143.243 

3.08 

Galicia    .     . 

5.047.383 

5,765,317 

5,467,967 

8,455.841 

12.612,295 

1.754,022 

4.43 

Roumania  . 

3.599,026 

4,420.987 

6,378.184 

8,118,207 

8,252,157 

1,147,727 

2.90 

India      .     . 

3,385.468 

4.137,098 

4,015.803 

4,344,162 

5,047.038 

672.938 

1.77 

Japan     .     . 

1,418.767 

1.341.157 

1,710,768 

2,010,639 

2.070.929 

276.124 

.73 

Mexico  .     . 

1,000,000 

3.481.410 

464.188 

1.22 

Canada  .     . 

552.575 

634,095 

569.753 

788.872 

527.987 

70.400 

.19 

Germany 

637,431 

560.963 

578.610 

756.631 

1.009.278 

141.900 

.35 

Peru  .     .     . 

345.834 

447.880 

534.929 

741,226 

1.011.180 

134.824 

^6 

Italy.     .     . 

25.476 

44,027 

53.577 

59,875 

160.000 

8.344 

.03 

1 

Other      .     . 

»  40,000 

» 30.000 

»  30.000 

"30.000 

» 30.000 
284.614.022 

4.000 

219,251.589 

215.646.178 

213.393.410 

262,628,621 

38,052,233 

100.00 

Approximate  Value  of  Natural  Gas  Produced  in  the  United  States, 

1904-1908 


Stats 


Pennsylvania     .... 

New  York 

Ohio 

West  Virgiiua    .... 

lUinoia 

Indiana 

y^nifiMy 

Missouri 

California 

Alabama 

Texas 

Louisiana 

Kentucky 

Tennessee 

Arkansas  and  Wyoming  . 

Colorado       

South  Dakota    .... 

Oklahoma 

North  Dakota  and  Oregon 

Total 


1904 


$18,139,914 

522.575 

5.315,564 

8,114.249 

4,745 

4,342,409 

1,517.643 

6.285 

114,195 

]        14,082 


322.104 

300 

6,515 

14,300 

12.215 

49.665 


1905 


$19,197,336 

623,251 

5.721,462 

10,076,804 

7,223 

3,094.134 

2,261.836 

7.390 

133^696 

14,409 

1,600 

'  237,290 

300 

21.135 

20.762 

15,200 

130.137 


1906 


$19,104,944 

959.280 

8,244,835 

14.837,130 

446,077 

1,312,507 

7,691,587 

22.592 

307,652 

236,837 

424.271 
350 

164.930 

24,400 
860.159 
2,823^ 

$38,496,760  I  $41,562,855  $40,873,932  I  $54,222,399  i  $54,640,374 


$18,558,245 

672,795 

7,145,809 

13,735,343 

87,211 

1,750,715 

4,010.986 

7,210 

134,560 

150,695 

287,501 

300 

34.500 

22.800 

15.400 

259.862 


1907 


1908 


$18,844,156 

760.157 

8.718.562  > 

16,670.962 

143.577 

1,572,605 

6,198,583 

17.010 

168,397 

178,276 

380,176 
300 

I   126,582 

19,500 

417,221 

335 


Exports  op  Mii^ral  Oils 


Kind 


Crude  

Naphtha 

Illuminating  .... 
Lubricating  and  Paraffin 
Residuum 

Total 


1905 


$6,085,592 

2.214.609 

54.900.649 

14.312.383 

2.127.696 


$79,640,929 


1906 


$7,731,226 

2.488,401 

54.858.312 

18.689.622 

1,971,305 


1907 


$0,333,715 

3,070,206 

59.635,208 

19,210.353 

2.527.582 


$85,738,866      $91,383,064 


1908 


$6,519,849 

4.542,551 

75,988.256 

18.971.436 

2.793,363 


$108,815,455 


^  Estimated. 


^  Includes  Iowa. 
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Imports  op  Natural  Gas 


1904 $34,828 

1905 49.237 

1906 36,906 


1907 $32,107 

1908 22.003 


Production  of  Asphalt  and  Bituminous  Rock.  —  The  production 
of  these  two  substances  by  kinds  and  by  states  as  well  as  the  imports 
and  exports  are  given  below. 


Production  op  Asphalt,  1904  to  1908,  by  Varieties, 

IN  Short  Tons 


Vabibtt 

1904 

1905 

1906 

Quantity 

Value 

Quantity 

Value 

Quantity 

Valub 

Bituminous  rock 
Refined  bitumen 

Gum 

Maltha      .... 
Wurtsilite  (elaterite) 
Giisonite    .... 
Grahamite      .     .     . 
Osokerite  and  tab- 
byite      .... 
Oil  asphalt     .     .     . 

48.439 
1,200 
6.637 
3.363 
550 
2.978 
1,000 

44,405 

$142,960 
10.800 
141.446 
36.320 
50.000 
14,175 
25.000 

459,135 

45,302 

2,200 

3,036 

3.139 

500 

10,916 

5 
50,169 

$136,9^2 
22,000 
41.438 
34.292 
44.000 
47.040 

1,500 

430,911 

24,085 
2,543 

24,178 
9,900 

\  12,947 

1,952 

62.454 

$70,686 
24.158 

341.106 
86,750 

159,960 

16.432 

591.248 

Total      .... 

108,572 

$879,836 

115,267 

$758,153 

138,059 

$1,290,340 

Variistt 


Bituminous  rock 
Refined  bitumen 
Gum      .... 
Maltha      .     .     . 
Wurtsilite  (elaterite) 
Gilaonite    .     .     . 
Grahamite 
Osokerite    and  tab- 

byite      .     .     . 
Oil  asphalt     .     . 


Total 


1907 


Quantity 


45,526 

1,744 

5,195 

13,507 

422 

20.285 

966 

12 
136,204 


223.861 


Value 


$129,040 

16.568 

78.400 

143,758 

35.327 

531,965 

7.743 

2,148 

1.881.540 


$2,826,489 


1908 


V 


\QUANTrPY 

N. 


71 

4.5^6 

7.00^ 

12,87^ 

450 

18,533 

2,286 

50 

102.281 


185.382 


Value 


$146,821 

48,780 

88.000 

162.000 

36,000 

.     61.824  > 

20.340 

2,500 

1.322.616 


H 


,888.881 


*  The  curiously  large  decrease  in  value  as  given,  does  not,  it  is  claimed,  represent 
a  decrease  in  value  per  ton,  but  instead  indicates  a  change  in  conditions  fi^  trans^ 
portation  to  trunk  lines  of  railroads  from  the  mines. 
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Production  of  Asphalt  in  190S,  by  Varieties  and  by  States, 

IN  Short  Tons 


California 

Utah 

» 

Oklahoma 

VABimr 

Quantity 

Value 

Quantity 

Value 

Quantity 

Value 

Bituminoui  rock     .... 

Mastic 

Refiofed  biimnen     .... 

Maltha 

Uintaite  (gUaonite)      .     .     . 
Wnrtsilite     (elaterite)    and 

tabbyite 

Grahamite 

Oil  aaphalt 

27,118 
3,250 
7,000 

12,759 

$91,998 
36,563 
88,000 

158,520 

116 

$3,480 

18,533 
500 

$61,824 
38,500 

2.286 

20,340 

85,114 

972,176 

136.241 

$1,347,257 

19,033 

$100,324 

2.402 

$23,820 

«« 

KSNTUCKT 

Tkxaa 

VABnTT 

Quantity 

Value 

Quantity 

Value 

Tti^ii¥ninmia  wiaIt                                                          ..... 

10.253 
1,286 

$54,823 
12,217 

ILfft^fjA                                                                                                                               ... 

Oil  asDhalt 

17.167 

$350,440 

11,539 

$67,040 

17.167 

$350,440 

Since  deposits  of  the  purer  type,  such  as  lake  asphalt,  are  very 
scarce  in  the  United  States,  the  supply  for  domestic  consumption  is 
obtained  from  foreign  countries.  The  imports  for  the  last  five 
years  are  given  below:  — 

AsPHAi/r  imported  for  Consumption  into  the  United  States, 

1904r-1908,  IN  Short  Tons 


YmAX 

Crctdb 

Dbied  OB 
Advanced 

Bituminous 

LlMBSTONB 

Total 

Quantity 

Value 

Quantity 

Value 

Quantity 

Value 

Quantity 

Value 

1904.  .     .    . 

1905.  .     .    . 

1906.  .     .     . 

1907.  .     .     . 

1908.  .     .     . 

117,184 
85,014 
100.818 
142,494 
137,808 

$490,809 
381,474 
355,493 
602.811 
532.297 

16,766 

9,688 

14,178 

13,535 

7,642 

$100,081 

78,639 

114,076 

127,024 

67,364 

6,496 
5,895 
5,086 
4,925 
6.224 

$20,236 
19.183 
15,110 
15,629 
20,758 

140,446 
100.597 
120,082 
160,954 
151,674 

$116,126 
479.296 
484,679 
648,564  1 
624,979 » 

'  Imports  for  1907  include  $3,100  of  manufactures:  1008.  $4,560. 


Most  of  the  asphalt  imported  from  foreign  countries  comes  from 
the  island  of  Trinidad,  but  other  important  sources  are  Venezuela 
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(Bermudez),  Cuba,  Germany,  Italy,  and  Mexico.  Small  amounts 
are  also  brought  from  Switzerland,  France,  the  United  Kingdom, 
Turkey  in  Asia,  Colombia,  and  Netherlands. 

The  ozokerite  imported  for  consumption  in  1907  amounted  to 
1,451,231  pounds,  valued  at  $149,507;  in  1908  it  amounted  to 
3,595,393  pounds,  valued  at  $374,953. 

During  the  fiscal  year  ending  June  30, 1908,  domestic  asphalt  and 
manufactured  asphaltic  material  to  the  value  of  $451,968  were 
exported  from  the  United  States  to  other  countries,  as  against  simi- 
lar exports  valued  at  $374,476  during  the  fiscal  year  ending  June  30, 
1907. 
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CHAPTER  III 

BUILDING  STONES 

Under  this  term  are  included  all  stones  for  ordinary  masonry 
construction,  as  well  as  for  ornamentation,  roofing,  and  flagging. 
The  number  of  different  kinds  used  is  very  great,  and  includes  prac- 
tically all  varieties  of  igneous,  sedimentary,  and  metamorphic  rocks, 
but  a  few  stand  out  prominently  on  account  of  their  widespread 
occurrence  and  durability. 

The  cost  of  a  building  stone  naturally  exerts  decided  influence  on 
its  use.  Since  the  ease  of  splitting  and  dressing  a  stone  influences 
its  cost,  the  texture  is  also  of  importance.  Color  is  another  factor 
in  determining  the  value  of  a  building  stone,  and  this,  together  with 
other  considerations,  sometimes  gets  a  fashion  leading  to  the  wide- 
spread use  of  certain  stones.  This  has  been  well  illustrated  in  the 
eastern  cities  of  the  United  States,  where,  for  many  years,  Connecti- 
cut brownstone  was  in  such  great  demand  for  use  in  building  private 
dwellings  that  much  inferior  stone  was  put  on  the  market.  More 
recently  Indiana  limestone  and  Ohio  sandstone  have  met  the  popular 
fancy,  and  these  two  are  now  used  in  vast  quantities. 

Properties  of  Building  Stones  ^  (1-6). — The  following  prop- 
erties have  an  important  bearing  on  the  value  of  a  building  stone:  — 

Color.  —  The  color  of  rocks  varies  greatly,  and  those  shown  by 
common  building  stones  include  white,  black,  brown,  red,  yellow, 
and  buff,  while  some  are  green,  blue,  or  mottled.  The  color  may 
vary  in  the  same  quarry. 

In  igneous  rocks  the  color  may  be  that  of  the  prevailing  mineral,  as 
in  pink  granite,  where  there  is  an  excess  of  pink  feldspar;  or  it  may  he 
a  composite  due  to  the  blending  of  the  colors  of  several  minerals,  as  in 
the  case  of  ordinary  gray  granite,  where  the  color  results  from  the  mix- 
ture of  black  mica  and  whitish  quartz  and  feldspar.  Sedimentary  rocks 
commonly  owe  their  color  to  ferruginous  cements,  or  to  carbonaceous 
matter.  The  former  give  brown,  yellow,  red,  or  green  colors  depending  on 
the  condition  of  oxidation  and  form  of  combination  of  the  iron,  while  the 
latter  produces  gray,  black,  and  bluish  tints  depending  on  the  amount 
present.  Sandstone  and  limestone  free  from  either  of  these  coloring  agents 
are  nearly  if  not  quite  white. 

*  Only  the  more  important  ones  are  here  considered.  Excellent  detailed  discua- 
moBB  will  be  found  in  Refs.  3,  30,  41,  43  a,  51. 
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Some  atonea  change  color  on  exposure  to  the  air.  For  example,  lime- 
Btonea  or  sandstones  txintajning  oarbonaceoua  matter  may  bleach;  some 
black  marbles  faiie  to  a  white  or  gray;  and  some  rod  and  green  roofing 
elates,  as  well  as  a  few  red  granites,  change  color.  Oxidation  of  evenly 
distributed  pyrite  may  change  gray  or  bluish-gray  sandstones  to  buff  color. 
It  the  minerals  responsible  for  such  change  in  color  are  not  uniformly 
distributed,  the  stone  assumes  a  biotohy  appearance,  but  such  changes  are 
not  necessarily  an  indication  of  deterioration. 


Texture.  —  Building  stones  vary  in  their  texture  from  coarse- 
grained granites  and  conglomerates  to  fine-grained  sandstones,  lime- 
stones, and  porphyries. 

Texture  is  an  important  property,  for  it  influences  both  the  dura- 
bility and  the  coat  of  atone.  Other  things  being  equal,  a  fine-grained 
rook  is  not  only  more  durable,  but  sphta  better  and  dreases  more  evenly, 
than  a  'coarse-grained  rock.  Uneven  texture,  whether  due  to  mineral 
grains  or  cement,  is  undesirable,  since  it  often  causes  uneven  weathering. 

Density.  —  On  the  whole,  dense  stones  resist  weather  better 
than  porous  ones,  but  there- is  great  difference  in  the  density  of 
building  stones. 
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In  general,  though  with  some  ejicoptions,  igneous  and  metamorphio 
rocks  have  high  density  because  of  the  close  int«r1ockiiig  of  the  cryatal- 
line  grains.  Sedimentary  rocks  of  elastic  origin,  on  the  other  hand,  have 
less  closely  Gtting  grains,  and  unless  the  latter  are  very  small,  or  the  pores 
well  filled  with  cement,  they  are  apt  to  be  porous. 

The  specific  gravity  of  a  stone  indicates  its  density;  and  from  the 
specific  gravity  the  weight  per  cubic  foot  may  often  be  approximately 
estimated  by  multiplying  it  by  62.5,  the  weight  of  an  equal  volume  of 
water.  While  sufBciently  accurate  for  very  dense  stones,  this  method  is 
liable  to  lead  to  incorrect  results  when  applied  to  very  porous  rocks. 
Following  are  some  average  specific  gravities  of  common  building  stones, 
ssgiven  by  Hermann  (1):  granite,  2.65;  syenite,  2.80;  diabase,  2.80;  gabbro, 
2.95^  serpentine,  2.S0;  gneiss,  2.65;  limestone,  2.60;  dolomite,  2.80; 
sandstone,  2.10;  slate,  2.70. 


(Photo  loaned  by 

Hardness.  —  The  hardness  of  a  building  stone  is  not  necessarily 
dependent  on  the  hardness  of  its  component  minerals,  but  is  largely 
influenced  by  their  state  of  aggregation,  and  to  some  extent  their 
hardness. 

For  eitample,  a  sandstone  composed  of  quartz  grains,  but  with  little 
cementing  material,  may  be  so  soft  as  to  crumble  easily  in  the  fingers; 
while  a  limestone,  whose  grains  of  soft  carbonate  of  lime  fit  cIob^  and 
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are  firmly  cemented,  may  be  difficult  to  break  with  a  hammer.  The 
nature  of  the  cement  in  sedimentary  rocks,  that  is,  whether  it  is  lime, 
silica,  or  iron,  will  also  affect  the  hardness  of  the  stone.  Crystalline  rocks 
owe  their  great  hardness  to  the  firm  interlocking  of  the  mineral  grains. 
The  abrasive  resistance  (10)  of  a  stone  will  depend  in  part  on  the  state  of 
aggregation  of  the  mineral  particles,  and  in  part  on  the  hardness  of  the 
grains  themselves.  Some  stones  wear  very  unevenly  because  of  their 
irregularity  of  hardness,  and  such  may  be  less  desirable  than  one  which  is 
uniformly  soft. 

No  standard  form  of  abrasion  test  exists,  and  yet  one  should  be  applied 
to  those  stones  which  are  used  for  paving,  steps,  or  flooring,  as  well  as  to 
those  placed  in  situations  where  they  may  be  subjected  to  the  attacks  of 
wind-blown  sand,  or  the  rubbing  action  of  running  water.  ^ 

Strength,  —  Two  kinds  of  strength,  compressive  and  transverse, 
are  to  be  considered  in  building  stones. 

The  compressive  or  crushing  strength,  which  is  expressed  in  pounds 
per  square  inch,  is  the  resistance  which  the  rock  offers  to  a  crushing 
force,  and  is  dependent  chiefly  on  the  size  of  the  grains,  state  of  aggrega- 
tion, and  mineral  composition.  Because  of  the  close  interlocking  of  the 
grains  of  igneous  rocks  they  are  stronger  than  those  of  sedimentary  origin, 
in  which  the  strength  is  due  chiefly  to  the  cement  which  binds  the  grains 
together.  Sedimentary  rocks  show  greatest  strength  when  dry,  or  when 
pressure  is  applied  at  right  angles  to  the  bedding. 

Few  building  stones  when  in  use  are  subjected  to  pressures  even  approxi- 
mately equal  to  their  crushing  strength.  No  domestic  building  stone  at 
present  used  in  the  eastern  market  has  a  crushing  strength  of  less  than  6000 
pounds,  yet  the  pressure  even  in  the  tallest  buildings  does  not  require 
a  stone  with  a  crushing  strength  exceeding  314.6  ix>unds,  and  this  includes 
the  factor  of  safety  of  twenty  usually  allowed  by  architects.  Computa- 
tions show  that  a  stone  at  the  base  of  the  Washington  monument  sustains 
a  maximum  pressure  of  6292  pounds  per  square  inch,  which  includes  the 
usual  factor  of  safety  of  twenty;  the  crushing  strength  of  the  stone  used 
in  the  base  of  the  monument  is  however  not  less  than  10,000  to  12,000 
pounds  per  square  inch. 

The  crushing  strengfth  of  some  soft  limestones  or  sandstones  may  be 
but  little  above  3000  pounds  per  square  inch,  while  that  of  diabase  often 
exceeds  30,000  pounds  per  square  inch.  The  accompanying  table  gives 
the  crushing  strength  of  a  number  of  stones.  (Many  others  are  given  in  the 
state  reports.) 

Crushing  Strength  of  Building  Stones 

Granite,  Vinal  Haven,  Me 13,381 

Granite,  East  Saint  Cloud,  Minn 28,000 

Granite,  Port  Deposit,  Md 19,750 

Dolomite  marble,  Tuckahoe,  N.Y 13,076 

Limestone,  Caen,  France 3,550 

Sandstone,  Portland,  Conn 13,310 

Sandstone,  E.  Long  Meadow,  Mass 8,812 
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Wide  variations  aotuetimea  exist  in  stones  from  different  parts  of  the 
same  quarrj',  ot  in  stones  from  the  same  locality  tested  at  different  times. 
The  published  omshing  tests  of  different  stones  cannot  really  be  fairly 
compared  because  all  have  not  been  tested  under  exactly  the  same  condi- 
tions. 

Tranaeene  Strength.  —  The  transverse  strength  is  the  load  which  a 
bar  of  stone,  supported  at  both  ends,  is  able  to  withstand  without  break- 
ing. It  is  measured  in  terms  of  the  modulus  of  rupture,  which  irepresenta 
the  force  necessary  to  break  a  bar  of  one  square  inch  cross  section,  rest- 
ing on  supports  one  inch  apart,  the  load  being  applied  in  the  middle. 


Although  stones  in  buildings  are  rarely,  if  ever,  crushed,  they  are  h«quently 
broken  transversely,  and  therefore  a  knowledge  of  the  transverse  strength 
is  of  more  importance  than  the  crushing  strength.  A  high  crushing  strength 
does  not  necessarily  mean  a  high  transverse  strength.  Unfortunately 
few  stones  have  been  l«sted  in  this  manner. 

Porosity  and  Ratio  of  Ahaorption.  —  The  porosity  of  building 
stones  varies  widely.  Most  igneous  rocks  have  little  pore  space 
and  hence  absorb  little  water;  but  sedimentary  rocks,  especially 
sandstones,  are  often  very  porous. 

Many  rocks,  especisJly  those  of  the  Bedimentary  class,  contain  water 
in  their  pores  when  first  quarried.     This  is  known  to  quarrymen  as  quanj/ 
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wcUer,  and  it  is  present  in  some  porous  sandstones  in  sufficient  quantities 
to  interfere  with  quarrying  during  freezing  weather.  Mineral  matter  in 
solution  in  the  quarry  water  is  deposited  between  the  grains  when  the  water 
evaporates,  often  in  sufficient  quantities  to  perceptibly  harden  the  stone. 

Water  is  also  present  in  the  joint  planes,  and  by  its  passage  along  these 
planes  causes  oxidation  and  rusting  of  the  iron  of  the  rock-forming  minerals. 
This  discolors  the  stone  along  and  on  either  side  of  the  joint  planes,  giving 
rise  to  a  yellow  color  known  as  sap. 

Resistance  to  Frost,  —  Building  stones  show  a  varying  degree  of 
resistance  to  frost. 

Dense  rocks,  like  granites,  quartzites,  and  many  limestones,  and  even 
some  very  porous  rocks,  are  little  affected;  but  many  porous  and  lami- 
nated rocks,  like  open  sandstones  and  schists,  disintegrate  under  frost 
action.  This  is  due  to  the  fact  that  moisture  absorbed  in  the  warmer 
weather,  on  freezing  in  the  pores,  expands,  and  either  forces  off  small 
pieces  or  disrupts  the  stones.  Since  clay  readily  absorbs  water,  clayey 
rocks  are  sometimes  similarly  affected. 

Resistance  to  Heat,  —  All  rocks  expand  when  heated,  and  con- 
tract when  cooled,  but  do  not  shrink  down  to  their  original  dimen- 
sions. This  permanent  increase  in  size  is  termed  permanent  swell- 
inQf  and  though  small  when  figured  for  one  linear  foot,  is  appreciable 
in  long  pieces. 

The  following  figures  give  the  average  of  a  number  of  tests  of  permanent 
swelling  in  stone  bars  20  inches  long,  heated  from  32°  F.  to  212°  F.,  and 
then  cooled  to  the  original  temperature:  granite,  .009  inch;  marble, 
.009  inch;  limestone  and  dolomites,  .007  inch;   sandstone,  .0047. 

The  most  severe  test  of  a  stone*s  resistance  to  rapid  changes  of  tempera- 
ture is  to  heat  it  to  about  800°  C.  and  then  immerse  it  in  cold  water. 
Quartzites  and  hard  sandstones  withstand  such  treatment  best;  some  gran- 
ites crack  and  crumble,  and  the  carbonate  rocks  change  to  hme. 

Chemical  Composition,  —  Many  chemical  analyses  of  building 
stones  have  been  made,  but  most  of  them  are  of  little  value,  largely 
because  they  tell  us  nothing  regarding  the  physical  properties  of  the 
stone.  They  are  perhaps  of  most  value  in  the  case  of  sedimentary 
rocks.  The  chemical  analysis  of  a  limestone  will  indicate  whether 
it  is  dolomitic  or  not,  also  whether  it  is  clayey  in  its  character.  So 
too  the  analysis  of  a  sandstone  will  indicate  whether  it  is  siliceous 
or  clayey. 

Life  of  a  Building  Stone,  —  This  may  be  considered  as  the  period 
of  time  a  stone  will  stand  exposure  to  the  weather  without  showing 
signs  of  decay.     Even  for  the  same  stone,  it  may  vary  with  location 
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and  climate.    Julien  makes  the  following  deductions  from  observa- 
tions made  on  stones  in  use:  — 

Coarse  brownstone       5-15  years 

Fine-laminated  brownstone 20-50  years 

Coarse  fossiliferous  limestone 20-40  years 

Coarse  dolomitic  marble 40  years 

Fine-Drained  marble 50-100  years 

Granite 75-200  years 

Quartzite 75-200  years 

Structural  Features  affecting  Quarrying.  —  All  rocks  are  traversed  by 
planes  of  separation  of  one  sort  or  another.  In  sedimentary  rocks  these 
consist  of  bedding  and  joint  planes;  in  igneous  rocks,  the  latter  alone 
are  present;  and  in  metamorphic  rocks,  joint  planes,  a  banding  of  minerals 
and,  very  often,  cleavage  planes. 

Bedding  planes.  —  (PL  XIII,  and  PI.  XVIII,  Fig.  1.)  These  may  be 
either  an  advantage  or  a  disadvantage  to  the  quarryman.  They  are  desir- 
able because  they  facilitate  the  extraction  of  the  stone;  but  if  numerous 
and  closely  spaced,  the  layers  may  be  too  thin  for  any  purpose  except 
flagging.  They  often  serv^e  as  a  means  of  entrance  for  the  agents  of  weather- 
ing, and  the  stone  may  be  disintegrated  along  the  bedding  planes  while 
elsewhere  fresh. 

Incipient  planes  of  weakness,  due  either  to  the  arrangement  of  minerals 
or  to  microscopic  fractures  in  them,  often  give  rise  to  planes  of  easy  splitting 
which  are  of  great  value  in  quarrying,  notably  of  granite.  The  most  promi- 
nent plane  is  called  rift;  and  a  less  prominent  vertical  plane,  approxi- 
mately at  right  angles  to  the  rift,  is  called  the  grain.  Granites  often 
show  a  sheeted  (PL  XII,  Fig.  1)  structure,  due  to  the  presence  of  horizontal 
joints.  These  are  slightly  curved,  and  hence  tend  to  separate  the  granite 
mass  into  a  series  of  lenses. 

The  position  of  the  beds  exerts  an  important  influence  on  the  cost 
of  quarrying.  When  horizontal  and  of  difiFerent  quality,  it  may  often 
be  necessary  to  strip  off  worthless  rock  In  order  to  reach  the  beds  of  good 
quality.  In  such  cases,  there  is  often  less  stripping  to  do  in  quarries  opened 
on  gently  sloping  ground.  In  regions  of  steep  dip,  it  is  sometimes  possible 
to  work  the  quarry  as  a  cut,  extracting  the  desired  beds  and  leaving  useless 
ones  standing. 

GRANITES 

Characteristics  of  Granites  (3,  43  a). — As  commonly  used  by 
quarrymen,  the  term  granite  includes  all  igneous  rocks  and  gneiss; 
but  in  this  book  it  is  used  in  the  geological  sense,  which  is  more 
restricted.  From  the  geological  standpoint  a  granite  is  a  holocrys- 
talline,  plutonic  igneous  rock  consisting  of  quartz,  orthoclase  feld- 
spar, and  either  mica  or  hornblende,  or  both.  There  are  also  varying 
but  usually  small  quantities  of  other  feldspars,  and  there  may  be 
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subordinate  accessory  minerals,  such  as  pyrite,  garnet,  tourmaline, 
and  epidote. 

Granites  vary  in  texture  from  fine  to  coarse  grained,  and  in  some 
cases  are  porphyritic.  They  pass  into  gneisses  by  such  insensible 
gradations  that  no  sharp  line  can  be  drawn  between  the  two.  In 
color  they  vary,  being,  most  commonly,  gray,  mottled  gray,  red, 
pink,  white,  or  green,  according  to  the  color  or  abimdance  of  the 
component  minerals.  Most  granites  are  permanent  in  their  color, 
but  some  of  bright  red  color  bleach  on  continuous  exposure  to  sim- 
light. 

The  average  specific  gravity  of  granites  is  2.65,  which  corresponds  to  a 
weight  of  165.6  pounds  per  cubic  foot.  They  commonly  contain  less  than 
1  per  cent  of  water,  and  often  absorb  two  or  three  tenths  more.  Their 
crushing  strength  varies,  but  is  apt  to  lie  between  15,000  and  30,000  pounds 
per  square  inch. 

Granites  are  among  the  most  durable  of  building  stones,  but  there  is  some 
variation  in  the  durability  of  the  different  kinds.  Other  things  being 
equal,  fine-grained  granites  are  more  durable  than  coarse-grained,  being  less 
easily  affected  by  changes  of  temperature.  One  of  the  most  beautiful 
granites  known,  the  Rapikivi  granite  of  Finland,  lacks  in  durability  on  this 
account.  Pyrite  and  marcasite  are  injurious  minerals,  since  they  rust  rap- 
idly and  may  discolor  the  stone  in  an  unsightly  manner.  Very  few  granites 
now  in  use  show  signs  of  decay;  but  in  those  that  do,  the  darker  silicates 
are  rusted,  the  luster  of  the  feldspar  is  dulled,  and,  in  some  cases,  the  stone 
has  begun  to  disintegrate. 

Distribution  of  Granites  in  the  United  States  (3).  —  Granite 
usually  occurs  in  batholytic  masses  sometimes  forming  the  cores  of 
mountain  chains.  Removal  of  the  overlying  strata  by  denudation 
has  revealed  the  granite,  which,  owing  to  its  greater  durability,  is 
often  left  standing  as  peaks  or  domes  by  the  farther  removal  of  the 
surrounding,  weaker  strata.  Granites  show  a  wide  geologic  range, 
but  most  known  occurrences  are  associated  with  the  older  forma- 
tions. 

Granite  forms  an  important  source  of  durable  building  stone 
widely  distributed  in  the  United  States  (Fig.  45) ;  but  nearly  70  per 
cent  of  that  quarried  comes  from  the  Atlantic  states.  There  are 
several  areas  which  will  be  briefly  considered. 

Eastern  Crystalline  Belt  (3,  11,  19,  26,  31,  44,  45).  —  From  north- 
eastern Maine  southwestward  to  eastern  Alabama  there  is  an  im- 
portant belt  of  granites  and  gneisses,  mostly  of  pre-Cambrian  age. 
Those  at  the  northeastern  end  of  the  belt,  as  far  south  as  New 
York,  are  most  extensively  quarried,  largely  because  of  their  pecul- 


Fio.  1.  —  Granite  quarry,  Hardwick.  Vt.     (Pholo.  by  0.  H.  Perkin 


FiQ.  2.  —  Quarry  in  volcanic  tuff,  north  of  Fhocnix,  Ariz. 
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iarly  favorable  location.  In  this  belt  those  of  Quincy,  Massachu- 
setts (28),  Barre,  Vermont  (44),  and  Westerly,  Rhode  Island  (41), 
are  of  value  for  monumental  work.  Many  large  quarries  have  also 
been  opened  up  in  Maine  (25),  but  their  output  is  employed  mainly 
for  structural  work.  A  gneissic  granite  quarried  at  Port  Deposit, 
Maryland  (26),  a  white  granite  from  Mt.  Airy,  North  Carolina  (36), 
as  well  as  a  pinkish  granite  worked  at  Stone  Mountain,  Georgia  (20), 
are  also  of  some  importance.  Another  important  granite  area  is 
located  near  Richmond,  Virginia.  (46). 


u^i^^j^w^js^isiii^™! 


•.ACO^H. 


Fio.   45.  —  Map  showing  distribution  of   crystalline  rocks  (mainly   granites)  in 
United  States.     {AjUr  MerriU,  Stones  for  Building  and  Decoration.) 

Minnesota-Wisconsin  Area  (51).  —  There  are  several  detached 
areas  in  these  two  states,  some  of  which  supply  granites  of  value  for 
ornamental  work.  That  from  Montello,  Wisconsin,  bears  a  high 
reputation,  and  those  from  Wausau,  Wisconsin,,  and  Ortonville, 
Minnesota,  are  favorably  known. 

Sovthwestem  Area.  —  This  includes  portions  of  Missouri,  Arkan- 
sas, Oklahoma,  and  Texas. 

These  four  states  contain  small  areas,  worked  mainly  to  supply  a 
local  demand.  Those  of  southeastern  Missouri  vary  from  light  gray 
to  red  in  color  and  fine  grained  to  porphyritic  in  texture.  Some  of 
the  rock  is  rhyolite.  The  region  around  Fredericktown  is  important 
(30).  Important  granite  deposits  are  known  in  the  Arbuckle  and 
Wichita  Mountains  of  Oklahoma  (38),  but  their  development  thus 
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far  has  been  slight.  Arkansas  contains  quarries  of  syenite  west  of 
Little  Rock  (3),  and  for  purposes  of  convenience  it  is  mentioned 
under  granite.  In  Texas  quarries  have  b^en  opened  in  Llano 
County,  and  yield  both  pink  and  gray  granite  (3). 

Western  States,  —  There  are  many  areas  of  true  granite,  and 
closely  allied  rocks  such  as  grano-diorite  and  rhyolite  in  the  western 
states.  The  central  portion  of  the  Black  Hills  of  South  Dakota  is 
a  great  granite  mass,  but  little  of  it  is  quarried.  Granites  are  known 
in  Colorado  (17),  and  quarried  to  some  extent,  and  the  rhyolites  of 
Castle  Rock  are  of  considerable  importance.  In  California  the 
grano-diorite  mass  forming  the  central  portion  of  the  Sierra  Nevada 
Mountains  yields  an  inexhaustible  supply,  which  is  quarried  at 
several  points.  Montana,  Washington  (47),  and  Oregon  also  con- 
tain granites  which  are  quarried  for  local  use.  On  the  whole,  how- 
ever, the  Cordilleran  granite  industry  is  somewhat  restricted  be- 
cause of  lack  of  demand. 

Uses  of  Granite.  —  On  account  of  its  massive  character  and 
durability,  granite  is  much  employed  for  massive  masonry  construc- 
tion, while  some  of  the  granites  that  take  and  preserve  a  high  polish, 
and  are  susceptible  of  being  carved,  are  in  great  demand  for  orna- 
mental and  monumental  work.  Because  of  its  greater  durability, 
granite  has  in  recent  years  largely  replaced  marble  for  monumental 
purposes. 

The  refuse  of  the  quarries  is  often  dressed  for  paving  blocks  or 
crushed  for  roads  and  railroad  ballast.  The  size  of  the  blocks 
which  can  be  extracted  from  a  granite  quarry  depends  in  part  on  the 
spacing  of  the  joint  planes,  in  part  on  the  perfection  of  development 
of  the  rift,  some  of  the  monoliths  that  have  been  quarried  being  of 
immense  size:  for  example,  one  from  Stony  Creek,  Connecticut, 
measured  41  ft.  X  6  ft.  X  6  ft. ;  one  from  Vinal  Haven,  Maine,  60  ft. 
X  5J  ft. ;  one  from  Barre,  Vermont,  60  ft.  X  7  ft.  X  6  ft. 

Miscellaneous  Igneous  Rocks  (3).  —  But  little  space  need  be 
^ven  to  these,  for  they  are  of  minor  importance  as  compared  with 
the  granites.  In  the  eastern  states  the  diabase  or  trap  rock  is 
quarried  at  several  points  in  Connecticut,  New  York,  New  Jersey, 
and  Pennsylvania.  Owing  to  its  great  hardness  it  is  only  occasion- 
ally used  for  dimension  blocks,  its  chief  value  being  for  paving 
blocks  and  road  metal.  The  basaltic  rocks  of  the  western  states, 
especially  those  of  Washington  and  California,  are  often  employed 
for  similar  purposes.  Anorthosites  and  gabbros,  some  of  the  former 
being  of  highly  ornamental  character  when  polished,  occur  in  the 
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Adirondack  Mountains,  New  York;  they  are,  however,  but  little 
utilized.  Gabbros  have  been  quarried  for  local  use  in  Maryland  and 
Minnesota,  and  diorites  have  been  quarried  to  a  small  extent  at 
scattered  localities.  Some  of  the  porphyries  and  rhyolites  of  the 
Atlantic  states  possess  considerable  beauty  when  polished.  A 
handsome  porphyry  is  quarried  in  Wisconsin  (51),  and  in  the  Cor- 
dilleran  region  both  rhyolite  and  porphyry  occur  in  numerous  lo- 
calities. Andesite  tuffs  are  quarried  in  Colorado,  and  consoUdated 
volcanic  tuffs  have  also  been  used  to  some  extent  for  building  in 
Arizona. 

LIMESTONES   AND    MARBLES 

General  Characteristics  (1,  3).  —  A  great  series  of  sedimentary 
and  metamorphic  rocks,  composed  chiefly  of  carbonate  of  lime,  or, 
in  the  case  of  dolomite,  of  carbonate  of  lime  and  magnesia,  is  included 
under  the  term  limestone  and  inarble.  These  rocks  also  contain 
varying,  but  usually  small,  amounts  of  iron  oxide,  iron  carbonate, 
silica,  clay,  and  carbonaceous  matter.  When  of  metamorphic 
character  various  silicates,  such  as  mica,  hornblende,  and  pyroxene, 
etc.,  may  be  present. 

These  calcareous  rocks  vary  in  texture  from  fine-grained,  earthy, 
to  coarse-textured,  fossiliferous  rocks,  and  from  finely  crystalline  to 
coarsely  crystalUne  varieties.  There  is,  also,  great  range  in  color, 
the  most  common  being  blue,  gray,  white,  and  black,  but  beautiful 
shades  of  yellow,  red,  pink,  and  green,  usually  due  to  iron  oxides, 
are  also  found.  Their  crushing  strength  commonly  ranges  from 
10,000  to  15,000  pounds  per  square  inch,  while  their  absorption  is 
generally  low. 

The  mineral  composition  of  limestone  exerts  a  strong  influence  on 
its  durabihty.  Those  limestones  which  are  composed  chiefly  or 
wholly  of  carbonate  of  lime  are  liable  to  solution  in  waters  contain- 
ing carbon  dioxide;  but  dolomite  limestones,  especially  coarse- 
grained ones,  disintegrate  rather  than  decompose.  Streaks  of 
mineral  impurities  cause  the  stone  to  weather  unevenly.  Pyrite 
is  an  especially  injurious  constituent,  not  only  on  account  of  its 
rusting,  but  also  because  the  sulphuric  acid  set  free  by  its  decompo- 
sition attacks  the  stone.  Tremolite,  which  is  found  in  some  dolo- 
mitic  marbles,  is  also  liable  to  cause  trouble  by  its  decay.  Black  or 
gray  Umestones  will  sometimes  bleach  on  exposure. 

Varieties  of  Limestones.  —  In  the  geological  sense  limestones  are  of 
sedimentary  origin,  while  marbles  are  of  metamorphic  character,  but  in  the 
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trade  the  term  marble  is  applied  to  any  calcareous  rock  capable  of  taking  a 
polish.  In  addition  to  the  different  varieties  of  marble  and  the  ordinaiy 
limestones,  there  are  certain  kinds  of  calcareous  rock  to  which  special 
names  are  given,  as  follows:  — 

Chalk  is  a  fine,  white,  earthy  limestone,  composed  chiefly  of  foraminiferal 
remains. 

Coquina  is  a  loosely  cemented  shell  aggregate,  like  that  found  near  St. 
Augustine,  Florida. 

Dolomite,  or  dolomiiic  limestone,  composed  of  carbonate  of  lime  and 
magnesia,  and  to  the  eye  alone  often  is  indistinguishable  from  limestone. 

Fossiliferous  limestones  is  a  general  term  applied  to  those  limestones 
which  contain  many  fossil  remains.  Under  this  heading  are  included  cri- 
noidal  limestone  and  coral-shell  marble. 

Hydraulic  limestone,  an  argillaceous  limestone  containing  over  10  per 
cent  of  clayey  impurities.     Used  mainly  for  cement  manufacture  (p.  139). 

Lithographic  limestone  is  an  exceedingly  fine  grained,  crystalline  limestone, 
of  gray  or  yellowish  hue.   It  is  used  for  lithographic  and  not  structural  work. 

Oolitic  limestone,  composed  of  small,  rounded  grains  of  concretionary 
character. 

Stalactitic  and  stala^mitic  deposits,  formed  on  the  roofs  and  floors  of 
caves,  respectively,  are  often  of  crystalline  texture  and  beautifully  colored, 
and,  when  of  sufficient  solidity,  are  known  as  onyx  marble. 

Travertine,  or  calcareous  tufa,  a  Umestone  deposited  from  springs.  It 
is  often  sufficiently  hard  and  durable  for  building,  in  mild  climate,  but  rarely 
occurs  in  deposits  of  large  size. 

Distribution  of  Limestones  in  the  United  States.  —  Limestones 
are  found  in  many  states,  and  in  all  geological  formations  from 
Cambrian  to  Tertiary,  but  those  of  the  Paleozoic,  which  are  much 
used  in  the  eastern  and  central  states,  are  more  extensive  and  more 
massive  than  those  of  later  formations.  Although  many  large 
quarries  have  been  opened  to  supply  a  local  demand,  the  product  is 
shipped  to  a  distance  from  only  a  few  localities.  At  present  the 
sub-Carboniferous  Bedford  (22)  oolitic  limestone  of  Indiana  (PI. 
XIII)  is,  perhaps,  the  most  widely  used  limestone  in  the  United 
States.  It  occurs  in  massive  beds  from  20  to  70  feet  thick,  and  is 
said  to  underlie  an  area  of  more  than  70  square  miles.  Although 
soft  and  easily  dressed,  it  has  good  strength,  and  has  been  used  in 
many  important  cities  of  the  United  States.  The  same  rock  is 
quarried  at  Bowling  Green,  Ky. 

In  the  eastern  and  central  states  the  Paleozoic  limestones  are 
worked  at  many  points,  mainly  to  supply  a  local  demand  (3). 

Cretaceous  limestones  are  worked  in  Kansas,  Nebraska,  and 
Iowa,  although  the  most  important  sources  are  in  the  Paleozoic 
formations. 


p 
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Distributioii  of  Marbles  in  the  United  States  (3).  —  While  some 
vaiiegated  marbles  are  produced  in  the  United  States,  still  most  of 
those  quarried  are  white,  the  greater  part  of  the  variegated  stones 


being  imported.  The  main  supply  comes  chiefly  from  repons  of 
metamorphic  rock,  the  eastern  crystalLne  belt  being  the  principal 
producer  {Fig.  46).  Vermont  (44,45)  leads  all  other  states  in 
marble  production,  supplying  a  large  per  cent  of  all  the  marbles 
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used  for  ornamental  work  in  the  country.  The  most  important  and 
largest  quarries  are  those  at  Proctor  (PL  XIV)  and  West  Rutland. 
At  the  latter  locality  the  marble  bed  has  a  thickness  of  150  feet  at 
the  top  of  the  quarry,  narrowing  to  75  feet  at  the  bottom,  and  is 
divisible  into  a  series  of  well-marked  layers  of  varying  thickness, 
quality,  and  color  (45). 

The  Vermont  marbles  usually  show  a  bluish^ray  or  whitish 
ground,  the  latter  often  showing  a  pinkish  or  creamy  shade,  and 
traversed  by  veins  or  markings  of  a  green  or  brown  color. 

A  beautifully  colored  series  of  variegated  marbles^  is  quarried  at 
Swanton,  Vt.  (45),  and  much  used  throughout  the  United  States 
for  flooring  and  wainscoting.  Owing  to  their  highly  siliceous  char- 
acter they  show  excellent  wearing  qualities.  White  marbles  for 
structural  work  are  quarried  at  Lee,  Massachusetts  (3),  and  at 
South  Dover  and  Gouverneur,  New  York  (3,  35),  but  gray  ones 
are  also  obtained  from  the  last-named  locality.  In  Maryland 
important  quarries  have  been  opened  up  at  Cockeysville  (26). 
Large  quantities  of  white  and  also  gray  marble  are  quarried  in 
Pickens  County,  Georgia  (19)  (PI.  XV.,  Fig.  1). 

The  Trenton  limestone  in  eastern  Tennessee  (3)  supplies  marble 
of  pinkish  chocolate  color  with  white  variegation;  and  certain  layers 
are  rendered  peculiarly  beautiful  by  the  replacement  of  the  fossils 
by  calcite.     It  is  used  chiefly  for  interior  decoration. 

Marble  has  been  reported  from  various  states  west  of  the  Missis- 
sippi, but  as  yet  little  quarrying  has  been  done.  A  large  deposit  of 
white  marble  is  said  to  occur  at  Marble,  Colorado,  and  that  quarried 
in  Inyo  County,  California,  has  attracted  considerable  attention 
in  recent  years  (16). 

Most  of  the  variegated  marble  used  for  interior  decoration  in  this  coun- 
try is  obtained  from  foreign  countries,  especially  France,  Belgium,  Greece, 
etc.  Many  of  these  imported  stones  are  of  rare  beauty,  but  are  usually 
unfitted  for  exterior  use  in  severe  climates,  a  fact  often  ignored  by  architects. 
Although  ornamental  stones  of  this  class  occur  in  the  United  States,  up  to 
the  present  time  few  attempts  have  been  made  to  place  them  on  the  market. 
This  may  be  due  to  the  fact  that  most  quarrymen  do  not  care  to  assume  the 
temporary  expense  which  their  introduction  might  involve. 

Onyx  Marbles  (55-56).  —  Under  this  term  are  included  two  types  of 
calcareous  rock,  one  a  hot-spring  deposit,  or  travertine,  formed  at  the 
surface,  the  other  a  cold-water  deposit  formed  in  limestone  caves  in  the 
same  manner  as  stalagmites  and  stalactites.  Cave  onyx  is  more  coarsely 
crystalline   and   less   translucent   than   travertine   onyx.     The   beautiful 

*  These  should  perhaps  be  more  properly  classed  as  calcareous  sandstones. 


LATE  -XIV.  —  Marhle  quarry.  Proctor,  Vt.  The  banding  of  the  rock  ia  vrrtii-al. 
THl'  horizontal  lines  are  caused  by  the  atone  being  quarried  in  benches. 
(.Photo.,  VtnnorU  Martle  Co.) 
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banding  of  onyx  is  due  to  the  deposition  of  successive  layers  of  carbonate 
of  lime,  while  the  colored  cloudings  and  veinings  are  caused  by  the  presence 
of  metallic  oxides,  especially  iron. 

Neither  variety  of  onyx  occurs  in  extensive  beds,  though  both  are  widely 
distributed.  Onyx  is  found  in  Arizona,  California,  and  Colorado,  but  it 
has  not  been  developed  in  any  of  these  states  except  on  a  small  scale. 
Most  of  the  onyx  used  in  the  United  States  is  obtained  from  Mexico,  though 
small  quantities  are  obtained  from  Egypt  and  north  Algeria. 

The  value  of  onyx  varies  considerably,  the  poorer  grades  selling  for 
asUttleas  50  cents  per  cubic  foot,  while  the  higher  grades  bring  $50  or  more. 
The  earliest-worked  deposits  were  probably  those  of  Egypt,  which  were  used 
by  the  ancients  for  the  manufacture  of  ornamental  articles  and  religious 
vessels;  and  the  Romans  obtained  onyx  from  the  quarries  of  northern  Al- 
geria. Many  of  the  travertine  onyx  deposits  occur  in  regions  of  recent  vol- 
canic activity,  and  all  of  the  known  occurrences  are  of  recent  geological  age. 

Uses  of  Limestones  and  Marbles.  —  The  limestones  are  used 
mainly  for  ordinary  dimension  blocks,  though  some,  as  the  Bedford 
stone,  lend  themselves  well  for  carved  work.  The  refuse  from  the 
quarry  may  be  of  value  for  road  material,  lime,  or  Portland  cement 
manufacture.     (See  reference  under  Cement.) 

Marbles  are  used  in  increasing  quantities^for  ordinary  structural 
work,  although  many  of  the  lighter-colored  ones  soon  become  soiled 
by  dust  and  smoke.  The  output  of  many  quarries,  especially  the 
Vermont  ones,  is  well  adapted  to  monumental  purposes,  and  these, 
together  with  those  from  Georgia,  Tennessee,  and  California,  are 
much  used  for  wainscoting  and  paneling.  That  from  Swanton  is 
also  well  adapted  to  flooring.  Electrical  switchboards  are  now 
frequently  made  of  marble.  The  demand  for  marble  tops  for 
tables,  washbasins,  and  similar  uses  is  probably  decreasing.  The 
refuse  from  marble  quarries  is  sometimes  utilized  for  the  same  pur- 
poses as  limestone, 

SERPENTINE 

Pure  serpentine  is  a  hydrous  silicate  of  magnesia;  but  beds  of  serpentine 
are  rarely  pure,  usually  containing  varying  quantities  of  such  impurities 
as  iron  oxides,  pyrite,  hornblende,  and  carbonates  of  lime  and  magnesia. 
The  purer  varieties  are  green  or  greenish  yellow,  while  the  impure  types  are 
various  shades  of  black,  red,  or  brown.  Spotted  green  and  white  varieties 
are  called  ophioUte  or  ophicalite. 

Serpentine  is  sometimes  found  in  sufficiently  massive  form  for  use  in 
structural  or  decorative  work;  but,  owing  to  the  frequent  and  irregular 
joints  found  in  nearly  all  serpentine  quarries,  it  is  difficult  to  obtain  other 
than  small-sized  slabs.  Its  softness  and  beautiful  color  have  led  to  its 
extensive  use  for  interior  decoration;  but  since  it  weathers  irregularly  and 
loses  luster,  it  is  not  adapted  to  exterior  work. 
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Though  found  in  a  number  of  states,  most  of  the  numerous  attempts 
to  quarry  American  serpentine  have  been  unsuccessful.  Considerable 
serpentine  for  ordinary  structural  work  has  been  quarried  in  Chester 
County,  Pennsylvania,  and  a  variety  known  as  verdoUte  has  been  worked 
near  Easton,  Pennsylvania  (32).  Quarrying  operations  have  also  been 
carried  on  in  the  state  of  Washington  (47). 


SANDSTONES 

General  Properties  (1,  3).  —  While  most  sandstones  are  com- 
posed chiefly  of  quartz  grains,  some  varieties  contain  an  abundance 
of  other  minerals,  such  as  mica,  or,  more  rarely,  feldspar,  which  in 
rare  cases  may  even  form  the  predominating  mineral.  Pyrite  is 
occasionally  present,  and  varying  amounts  of  clay  frequently  occur 
between  the  grains,  at  times  in  suflicient  quantity  to  materially 
influence  the  hardness  and  dressing  qualities  of  the  stone.  The 
hardness  of  sandstones,  however,  usually  depends  on  the  amount 
and  character  of  the  cement,  varjdng  from  those  having  so  small 
an  amount  of  silica  or  iron  oxide  cement  that  the  stone  crumbles  in 
the  fingers  to  those  quartzites  whose  grains  are  so  firmly  bound  by 
silica  that  the  rock  resembles  solid  quartz.  With  these  differences 
the  chemical  composition  varies  from  nearly  pure  silica  to  sandstone 
with  a  large  percentage  of  other  compounds.  (For  analyses,  see 
Kemp's  "  Handbook  of  Rocks.") 

There  are  many  colors  among  sandstones,  but  light  gray,  white, 
brown,  buff,  bluish  gray,  red,  and  yellow  are  most  common.  In 
density  sandstones  range  from  the  nearly  impervious  quartzites  to 
the  porous  sandrocks  of  recent  geologic  formations,  and  conse- 
quently they  show  a  variable  absorption.  Most  sandstones  con- 
tain some  quarry  water,  and  those  with  appreciable  amounts  are 
softer  and  more  easy  to  dress  when  first  quarried;  but  they  cannot 
be  quarried  in  freezing  weather.  The  average  specific  gravity  of 
sandstone  is  2.7,  and  accordingly  a  cubic  foot  weighs  about  160  to 
170  pounds. 

On  the  whole,  sandstones  resist  heat  well  and  are  usually  of  ex- 
cellent durabihty,  since  they  contain  few  minerals  that  decompose 
easily.  When  they  disintegrate,  it  is  commonly  by  frost  action. 
The  injurious  minerals  are  pyrite,  mica,  and  clay.  Pyrite  is  likely 
to  cause  discoloration  on  weathering;  the  presence  of  much  mica 
may  cause  the  stone  to  scale  off  if  set  on  edge;  and  clay  may  cause 
injury  to  the  stone  in  freezing  weather  on  account  of  its  capacity 
for  absorbing  moisture.    A  slight  quantity  of  clay,  however,  makes 


Fio.  1.  —  Muble  quarry.  PickcnB  County.  Ga.     (PAoto.  loaned  bu  S.  W.  McCaUie.) 


Fio.  2.  —  Slate  quarry  at  Penrhyo,  Pa.      (H.  Riea.  photo.) 
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the  stone  easier  to  dress.  The  value  of  a  standstone  is  often 
lessened  by  careless  quarrying,  or  by  placing  it  on  edge  in  the 
building,  thus  exposing  the  bedding  planes  to  the  entrance  of  water. 
Varieties  of  Sandstone.  —  With  an  increase  in  the  size  of  their 
grains,  sandstones  pass  into  conglomerates  on  the  one  hand  and 
with  an  increase  in  clay  into  shales.  By  an  increase  in  the  percent- 
age of  carbonate  of  lime  they  may  also  grade  into  limestones. 

On  account  of  these  variations,  as  well  as  the  difference  in  color  and 
the  character  of  the  cement,  a  number  of  varieties  of  sandstone  are  recog- 
nized, of  which  the  following  are  of  economic  value:  arkosey  a  sandstone 
composed  chiefly  of  feldspar  grains;  bluestone,  a  flagstone  much  quarried 
in  New  York;  brownstone,  a  term  formerly  applied  to  sandstones  of  brown 
color,  obtained  from  the  eastern  Triassic  belt,  and  since  stones  of  other 
colors  are  now  found  in  the  same  formation,  the  term  has  come  to  have 
a  geographic  meaning  and  no  longer  refers  to  any  specific  physical  character; 
flagstone,  a  thinly  bedded,  argillaceous  sandstone  used  chiefly  for  paving 
purposes;  freestone,  a  sandstone  which  splits  freely  and  dresses  easily. 

Distribution  of  Sandstones  in  the  United  States.  —  Sandstones 
occur  in  all  formations  from  pre-Cambrian  to  Tertiary.  They  are 
so  widely  distributed  that  for  local  supply  there  are  numerous 
small  quarries  in  many  states,  but  there  are  several  areas  which 
have  been  operated  on  an  extensive  scale,  some  of  them  for  many 
years.  Of  these,  one  of  the  best  kno^n  is  the  Triassic  Brownstone 
belt,  which  extends  from  the  Connecticut  Valley,  in  Massachusetts, 
southwestward  into  North  Carolina. 

This  is  a  red,  brown,  or  even  bluish  sandstone,  of  moderate  hard- 
ness, and  somewhat  variable  texture.  That  from  the  Connecticut 
VaUey  district  was  formerly  used  in  enormous  quantities. 

Among  the  Paleozoic  strata  there  are  many  sandstones,  often 
massive,  and  usually  dense  and  hard.  Of  these  the  Medina  and 
Potsdam  are  specially  important  and  much  quarried  in  New  York 
State  (34,  35).  The  same  formations  extend  southward  along  the 
Appalachians  and  are  available  at  several  points.  Devonian  flag- 
stones are  extensively  quarried  at  several  localities  in  New  York 
and  Pennsylvania.  At  the  present  time  the  Lower  Carboniferous 
Berea  sandstone  of  Ohio  (37)  is  in  great  demand  because  of  its  light 
color,  even  texture,  and  the  ease  with  which  it  is  worked.  More- 
over, it  has  the  peculiar  property  of  changing  to  a  uniform  bufif  on 
exposmre  to  the  air.  There  are  numerous  other  Paleozoic  sand- 
stones in  the  central  states,  among  them  the  Potsdam,  which  covers 
a  wide  area  in  Michigan  and  Wisconsin  (51).  Some  of  this  stone  is 
bright  red  in  color. 
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The  Mesozoic  and  Tertiary  strata  of  the  West  contain  an  abun- 
dance of  good  sandstone,  and  quarries  opened  in  many  of  them 
yield  a  durable  quality  of  stone.  Though  usually  less  dense  and 
hard  than  the  Paleozoic  sandstones,  they  serve  admirably  for 
buildings  in  the  mild  or  dry  climates  of  the  West. 

Uses  of  Saadstones. — The  wide  distribution  of  sandstones  makes 
them  an  important  source  of  local  structural  material.  Tbey  are 
chiefly  used  for  ordinary  building  work,  and  but  little  for  massive 
masonry  or  monuments.  The  thin-bedded  fl^stones  are  much 
used  for  flagging,  and  some  of  the  harder  sandstones  are  split  up  for 
paving  blocks.     For  other  uses,  see  Abrasives. 

SLATES 

Genera]  Characteristics  (3,  43(i).  — Slates  are  metamorphic  rocks 
derived  from  clay  or  shale  or  more  rarely  from  igneous  rocks  (14). 
Their  value  depends  upon  the  presence  of  a  well-defined  plane  of 
sphtting,  called  cleavage  (Fig.  47),  developed  by  metamorphism 
through  the  rearrangement 
^  and  flattening  of  the  ori^nal 

mineral  grains  and  the  de- 
velopment of  micaceous 
ibARRrrujo*  rninerais.  The  cleavage  usu- 
ally develops  at  a  variable 
angle  to  the  bedding  planes 
"'"k^I,-^"'^'""?.'^"";'^?  cEf^vage  and  ^^ich  are  often  completely 

bedding    in    slatp.       {After    D'lle.    t/S.  "^  •' 

Gcol.Surv..mhAvn.itepi,.lii.)  obhtcrated    by    the    meta- 

morphism. When  not  com- 
pletely destroyed,  the  bedding  planes  are  marked  by  parallel  bands, 
called  ribbons,  cutting  across  the  planes  of  cleavage,  but  so  perfect 
is  the  cleavage  in  the  best  slates  that  the  rock  readily  sphts  into 
thin  sheets  with  a  smooth  surface. 

Slates  are  commonly  so  fine  grained  that  the  mineral  composition 
is  not  evident  to  the  eye,  but  the  microscope  reveals  the  presence 
of  many  of  the  varied  mineral  grains  found  in  shale,  and  in  addition 
much  chlorite,  developed  by  metamorphism.  Ovring  to  the  pres- 
ence of  carbonaceous  particles,  most  slates  are  black  or  bluish  black, 
but  green,  purple,  and  red  slates  are  also  known.  The  specific  grav- 
ity of  slate  is  about  2.7,  and  a  cubic  foot  weighs  between  170  and 
175  pounds. 

Most  slates  are  fairly  durable,  though  the  presence  of  pyrite 


Fia.    47. —  Section    shoning   cleavage    and    , 
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along  the  ribbons  may  lead  to  their  decay.     Lime  carbonate  if 

present  in  any  quantity  ia  injurious,  and  if  the  slate  is  to  be  used 

for  switchboards,  it  should   be  as  free 

from    magnetite     grains    as     possible. 

Some  colored  slatea  fade  on  exposure  to 

the  weather,  but  this  change,  which  is 

due  to  the  bleaching  of  certain  mineral 

grains,  does  not  necessarily  result  in  loss 

of  strength  or  disintegration. 

In  slate  qu&rryiog  it  is  of  importance  to 
distinguish  between  bedding  and   cleavage. 

The  following  criteria  may   bo   used   (43a).     Fro.    48.  —  Section    in     alftt* 

Quartzite  and  limestone  bands  of  some  per-  quarry  with  eleuvage  parat- 

aistence  indicate  bedding,  but  care  must  bo  ^"^  ^  bedding,    a.  purpls 

taken  not  to  mistake  vein  quartz  for  quartz-  *'"*«-  *■  """'•'■-ked;  c  and  d. 

ite.      Fossil  impressions  are  always  on  the  vMiegated;  e  and/,  green:  tr 

■      ,        _,  ,        .  -  ,-  ,  and  A.  gray-green;  i,  quarts- 

bed  surface.     A  microscopic  section,  trans-  ■^^.     ■  ^^^    black 

verse   to   cleavage,  may   be  used,  if  other  patched.    (After  D,^.) 

means  fail,  to  indicate  divergence  between 
bedding  and  cleavage,  although  in  some  places  the  two  may  agree.' 

Special  tests  are  necessary  for  determining  the  quality  of  slate.  They 
include  the  determination  of  its  sonorousness,  cleavability.  abrasive  resist- 
ance, absorption,  elasticity,  and  presence  of  injurious  minerals.  The  chemi- 
cal analysis  is  of  limited  value,  but  Merriman  concludes  that  the  strongest 
slate  runs  highest  in  silica  and  alumina  but  not  necessarily  lowest  in  lime 
and  magnesium  carbonates. 

Dale  divides  slates  into  the  following  groups: 

I.   Aqueous  sedimentary. 

A.  Clay  slates:  cemented  by  clay,  lime  carbonate,  or  magnesium 

carbonate.    Fissility,  strength,  and  elasticity  low. 

B.  Mica  slates:  1.  fading;  with  sufBcient  iron  carbonate  to  dis- 

color on  exposure.      2.  Unfading;  without  sufBcient  iron 
carbonate  to  produce  any  but  very  slight  discoloration  on 
prolonged  exposure. 
Under  each  group  we  may  have  the  following  types:  Graphitic 
(gray-black);  chloritie  (greenish):  hematitic  and  chloritic  (pur- 
plish).   The  second  group  may  also  include  hematitic  (reddish). 
It.   Aqueous. 

A.  Ash  slates. 

B.  Dike  slates. 

Distribution  of  Slates  in  the  United  States  (Fig.  49).  —  Since 
slates  are  of  metamorphic  origin,  they  are  limited  to  those  regions 
in  which  the  rocks  are  metamorphosed,  and  at  present  the  greater 
part  of  our  supply  comes  from  the  Cambrian  and  Silurian  strata  of 
the  eastern  crystalline  belt  of  the  Atlantic  states. 
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A  series  of  quarries  producing  red,  green,  purple,  and  variegated 
slates  are  located  in  a  belt  of  Cambrian  and  Hudson  River  strata 
along  the  border  of  New  York  (33)  (PI.  XVI)  and  Vermont  (33,  45). 

Black  slates  are  quarried  in  Maine  (3),  New  Jersey  (32),  Pennsyl- 
.  vania  (3),  (PI.  XV.,  Fig.  2),  Maryland  (26),  Geoi^a  (3),  and  Virginia 
(46).  Other  producing  states  are  Minnesota,  California  (14,  43o), 
and  Arkansas  (12). 


Uses  of  Slate.  —  Slate  is  best  known  as  a  roofing  material,  but 
it  is  also  used  for  mantels,  billiard-table  tops,  floor  tiles,  steps,  flag- 
ging, slate  pencils,  acid  towers,  washtubs,  etc.  The  process  of  mar- 
bleizing  slates  for  mantles  and  fireplaces  is  carried  on  at  several 
localities. 

In  quarrying  slate  there  is  from  40  to  60  per  cent  waste,  which  is 
greater  than  in  any  other  building  stone;  but  the  introduction  of 
channeling  machines  in  quarrying  has  done  much  to  reduce  this. 
The  discovery  of  a  use  for  this  waste  has  been  an  important  problem, 
which  has  thus  far  been  only  partially  solved.  It  is  sometimes 
ground  for  paint,  and  attempts  have  been  made  to  utilize  it  in  the 
manufacture  of  bricks  and  Portland  cement. 

Production  of  Building  Stones.  —  The  production  of  building 
stones  by  kinds  for  the  last  5  years  was  as  follows:  — 


w  of  grccQ-Blate  quairy,  Pawlet.  Vt.     {Photo,  bg  B.  Ritt.) 
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PBODUCnON  OF  BUILDINQ  StONES  IN  THE  UNITED  St ATE S  FROM 

1904  TO  1908 


Kind 


Granite    . 

Trap  Rock 

Sandstone 

Blueetone 

Marble 

Limestone 

Total    . 


1904 


$17,191,479 
2,823,546 
8.482,162 
1,791,729 
6.297.835 
22.178.964 


$58,765,716 


1905 


$17,563,139 
3.074,554 
8,075,149 
1,931,625 
7,129,071 
26,025.210 


$63,798,748 


1906 


$18,562,806 
3,736.571 
7,147,439 
2.021,898 
7,582,938 
27.327,142 


$66,378,794 


1907 


$18,064,708 
4.594.103 
6.753.762 
2,117,916 
7,837,685 
31,737,631 


$71,105,805 


1908 


$18,420,080 
4.282.406 
5,831,231 
1,762.860 
7,733,920 
27,682,002 


$65,712,499 


It  should  be  noted  that  the  stone  statistics  compiled  by  the 
United  States  Geological  Survey  include  not  only  building  stone, 
but  stone  used  for  monuments,  furnace  flux,  road  material,  etc. 
Some  idea  of  the  quantity  used  for  each  of  these  purposes  can  be 
gained  from  the  following  table:  — 

Value  op  Stone  used  for  Different  Purposes  in  1908 


Kind 

Building 
(Rough  and 

DR£S8KD) 

$5,751,258 

40,543 

2,605,381 

4.566.522 

3.076.926 

Monumen- 
tal (Rough 

AND 

Dbessbd) 
$4,551,061 

2,397,780 

Flagstone 

Curbstone 

Paving 
Stone 

Crushed 

Stone 

Granite       .     . 
Trap  Rock .     . 
Sandstone  .     . 
Limestone  .     . 
Marble  .    .     . 

$70,744 

1.067,334 
79,081 

$942,722 

1,025.259 
237.579 

$2,420,554 
184.125 
654.896 
276,637 

$2,445,268 

4.002.220 

906.317 

12,908.207 

$16,040,630     $6,948,841 

$1,217,159 

$2,205,500 

$3,536,212 

• 

$20,262,012 

The  value  of  the  building  stones  produced  by  the  several  more 
hnportant  states,  together  with  the  kind  of  stone  produced  chiefly 
in  1908,  is  given  below:  — 

Production  of  Building  Stones  in  more  Important  States  in  1908 


State. 


Vermont 
Pennsylvania 
New  York 
Ohio    .     .     . 
Indiana   .     . 
California 
Illinois     .     . 
Massachusetts 
Wisconsin 
Missouri^ 
Maine  ^    .     . 
Georgia    .     . 
New  Jersey 
Minnesota    . 


Total  Value 


$7,152,624 
6.371.152 
6,157.279 
4.764,309 
3,646,603 
3,291,585 
3.134,770 
2.955,195 
2,850.920 
2,306.058 
2.027.508 
1,895,608 
1,531,740 
1,493.706 


Kind  produced 

CHIKTLT 


Marble 

Limestone 

Limestone 

Limestone 

Limestone 

Granite 

Limestone 

Granite 

Granite 

Limestone 

Granite 

Granite 

Trap  Rock 

Limestone 


Per  Cent  of  Total 
U.  S.  Stonb  Pro- 
duction 


10.88 
9.70 
9.37 
7.26 
5.56 
5.01 
4.77 
4.50 
4.34 
3.51 
3.09 
2.88 
2.33 
2.27 


^  Not  the  entire  output. 
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The  order  of  rank  is  but  little  different  from  that  of  1907,  although 
Pennsylvania  dropped  to  second  place,  because  of  decreased 
demand  for  limestone  used  for  fluxing  purposes  in  the  steel  industry. 

Exports  and  Imports,  —  The  following  figures  show  the  value  of 
the  exports  and  imports  for  the  years  1907  and  1908:  — 

Exports  of  Stone  from  the  United  States  in  1907  and  1908 


Kind 

1907                             1908 

Marble  and  stone,  unmanufactured 

All  others 

$407,193 

681,798 

$249,184 
764.067 

$1,088,991 

$1,003,251 

Imports  of  Stone  into  the  United  States  in  1907  and  1908 


Kind 

1907 

1908 

Kind 

1907 

1908 

Marble: 

In  block,  rough,  etc. 
Sawed  or  dressed    . 

$1,040,333 

1.132 

60,718 

$831,099 

2,428 

89,371 

180,751 
35,053 

Granite: 
Dressed     .... 
Rough  

Total     .... 

Stone  (other) 
Dressed     .... 
Rough  

Total     .... 

Grand  total    .     . 

$166,524 
8.779 

$187,229 
6.384 

Slabs  or  paving  tiles 

$175,303 

$193,613 

tures      ....         257,456 
Mosaic  cubes     .     .     .  ;         49.893 

26,003 
38.761 

12.345 
56.565 

Total      ....    $1,399,532 

1  :i-i^ 

$1,138,702 

$64,764 
SI, 705.072 

$68,910 

Onyx: 

In  block,  rough,  etc. 
All  other  manufac- 
tures     .... 

$57,796 
7.678 

$71,979 
9.822 

$1,483,026 

Total     .... 

$65,473 

$81,801 
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CHAPTER  IV 

CLAY 

Definition.  —  Clay,  which  is  one  of  the  most  widely  distributed 
materials  and  one  of  the  most  valuable  commercially,  may  be  de- 
fined as  a  fine-grained  mixture  of  the  mineral  kaolinite  (the  hydrated 
aluminum  silicate)  with  fragments  of  other  minerals,  such  as  sili- 
cates, oxides,  and  hydrates,  and  also  often  organic  compounds,  the 
mass  possessing  plasticity  when  wet  and  becoming  rock  hard  when 
burned  to  at  least  a  temperature  of  redness. 

Two  important  classes  of  clays  are  the  residual  and  the  trans- 
ported ones. 

Residual  Clays  (S).  —  Clays  are  derived  primarily  and  principally 
from  the  decomposition  of  crystalline  rocks,  more  especially  felds- 
pathic  varieties,  and 
depoats  thus  formed 
will  be  found  over- 
lying the  parent  rock 
and  often  grading 
down  on  to  it.  From 
its  method  of  origin 
and  portion  it  is 
termed  a  reaidtial 
Flo.  50.  —  Section  showing  formatioa  of  re«idual  ctay,    day  (Fig.  50). 

lA/lerRia,  U.S.  Oeol.  Sun..  Prof.  Pap.  U.)  -j      .        , 

All  residual  olajs 
probably  contain  a.  variable  amount  of  kaolinite  (8)  or  olay  suliatance. 
This  mineral,  whi<!h  ia  white  in  color,  results  from  the  decomposition  of 
feldspar,  either  by  weathering,  or,  lesa  ofI«ii,  by  the  action  of  volcanic  va- 
pors. The  decay  of  a,  large  mass  of  pure  feldspar  would  therefore  yield  a 
mass  of  white  clay,  but,  in  most  instances,  the  feldspar  ia  associated  with 
other  minerals,  such  as  quartz,  mica,  and  hornblende,  all  of  which,  except 
the  quartz,  decay  with  greater  or  less  rapidity,  and  some  of  theee,  such 
as  the  hornblende,  may  likewise  yield  a  hydrous  aluminum  silicate.  Any 
ferruginous  minerals  in  the  rock  will,  in  decomposing,  yield  Umonite,  which 
stains  the  mass. 

Large  masses  of  pure  feldspar  are  rare,  but  feldspathic  rocks,  such 

as  granite  or  syenite,  are  more  common,  and  these  wiU  also  decompose 

to  clay;  but,  since  the  parent  rock  contains  other  minerals,  such  as  quartz 

or  mica,  these  will  either  remain  as  sand  grains  in  the  clay,  or,  by  deoom- 
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positioii,  will  form  soluble  compounds,  or  iron  stains.  The  decay  of  many 
rocks,  for  example,  limestone  and  shale,  in  addition  to  the  crystalline  rocks, 
produces  a  residuum  of  clay.  White-burning  residual  clays  are  termed 
kaolins,  but  they  are  rare. 

The  extent  of  a  deposit  of  residual  clay  will  depend  on  the  extent  of  the 
parent  rock  and  the  toi)og:raphy  of  the  land,  which  also  influences  its  thick- 
ness. On  steep  slopes  much  of  the  clay  may  be  washed  away ;  and  residual 
clays  are  also  rare  in  glaciated  regions,  for  the  reason  that  they  have  been 
swept  away  by  the  ice  erosion.  They  are  consequently  wanting  in  most 
of  the  Northern  states,  but  abundant  in  many  parts  of  the  Southern  states, 
where  the  older  formations  appear  at  the  surface. 

Transported  Clays  (8).  —  With  the  erosion  of  the  land  surface 
the  particles  of  residual  clay  become  swept  away  to  lakes,  seas,  or 
the  ocean,  where  they 
settle  down  in  the 
quiet  water  as  a  fine 
aluminous  sediment, 
forming  a  deposit  of 
sedimentary  day  (Fig. 
51).  Such  beds  are 
often,  of  great  thick- 
ness and  vast  extent. 
With  the  accmnula- 
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Fio.  61.  —  Section  of  a  sedimentary  clay  deposit. 
(After  Ries,  U.  S.  Oeol.  Sun.,  Prof.  Pap.  11.) 


tion  of  many  feet  of  other  sediments  on  top  of  them,  they  become 
consolidated  either  by  pressure  or  by  the  deposit  of  a  cement  around 
the  grains.  Consolidated  clay  is  termed  shale,  and  this  upon 
being  ground  and  mixed  with  water  often  becomes  as  plastic  as  an 
unconsolidated  clay. 

Residual  materials  may  also  have  been  transported  by  wind  or 
glacial  action,  to  form  clayey  deposits. 

The  following  are  important  types  of  transported  clays:  — 

Marine  Clays.  —  Formed  by  the  deposition  on  the  ocean  floor  of  the 
finer  particles  derived  from  the  waste  of  the  land.  Such  ancient  sea- 
bottom  clays  have  been  elevated  to  form  dry  land  in  all  the  continents,  in 
many  cases  forming  consoUdated  clay  strata,  but  elsewhere,  especially  in 
coastal  plains,  in  unconsolidated  condition.  Extensive  clay  deposits  are 
also  formed  in  protected  estuaries  and  lagoons  along  the  seacoast. 

Flood-plain  Clays.  —  Formed  by  the  deposition  of  clayey  sediment  on 
the  lowlands  bordering  a  river  during  periods  of  flood.  Layer  upon  layer, 
this  deposit  builds  a  flood  plain  often  of  great  extent  and  depth.  Such 
areas  of  flood-plain  clays  are  most  extensive  along  the  greater  rivers  and 
in  the  deltas  which  they  have  built  in  the  sea. 

Lake  Clays.  —  Clay  is  deposited  on  the  bottom  of  many  lakes  and 
ponds  in  the  same  manner  as  on  the  ocean  bottom.     Where  the  streams 
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bring  only  fine  particles  the  filling  of  a  lake  may  be  entirely  of  clay.  Many 
lakes  have  been  either  drained  or  completely  filled  and  their  clays  there- 
fore made  available.  This  is  especially  true  of  small,  shallow  lakes  formed 
during  the  Glacial  Period. 

Glacial  Claya,  commonly  known  as  till  or  bowlder  clay,  a  rock  flour 
ground  in  the  glacial  mill  in  which  rock  fragments  were  worn  down  to 
clay  by  being  rubbed  together  or  against  the  bed  rock  over  which  the 
ice  moved.  When  the  ice  melted,  this  deposit  was  left  in  a  sheet  of  varying 
thickness  and  characteristics  over  a  large  part  of  the  area  which  the  ice 
covered.     It  is  not  always,  strictly  speaking,  a  sedimentary  deposit. 

jEolian  Clays,  —  Wind  drifts  dry  clay  about,  and  in  favorable  posi- 
tions causes  its  accumulation  in  beds.  This  is  true  of  the  Chinese  loess, 
a  wind-blown  deposit  derived  from  residual  soils  and  drifted  about  in 
the  arid  climate  of  interior  China.  Some  at  least  of  the  loess  clays  of  the 
Mississippi  Valley  seem  to  have  a  similar  origin,  the  source  of  the  clay  being 
glacial  deposits;  in  other  cases  loess  seems  to  be  a  water  deposit  either  in 
shallow  lakes  or  else  in  broad,  slowly  moving  streams. 

Properties  of  Clay.  —  These  are  of  two  kinds,  physical  and  chemi- 
cal, and  since  they  exercise  an  important  influence  on  the  behavior 
of  the  clay,  the  most  important  ones  may  be  described. 

Physical  Properties  (8,  1).  —  These  include  plasticity,  tensile 
strength,  air  and  fire  shrinkage,  fusibility,  and  specific  gravity. 

• 

Plasticity  may  be  defined  as  the  property  which  clay  possesses  of  forming 
a  plastic  mass  when  mixed  with  water,  thus  permitting  it  to  be  molded  into 
any  desired  shape,  which  it  retains  when  dry.  This  is  an  exceedingly  im- 
portant character  of  clay.  Clays  vary  from  exceedingly  plastic,  or  "fat** 
ones,  to  those  of  low  plasticity  which  are  "lean**  and  sandy.  Plasticity 
is  probably  due  in  part  to  fineness  of  grain,  and  in  part  to  the  presence  of 
colloids  (1,  8). 

Tensile  strength  is  the  resistance  which  a  mass  of  air-dried  clay  ofifers 
to  rupture,  and  is  probably  due  to  interlocking  of  the  particles.  Tests 
show  that  the  tensile  strength  of  clays  varies  from  15  to  20  pounds  per 
square  inch  up  to  400  pounds  or  more  per  square  inch.  Many  common 
brick  clays  range  from  100  to  200  pounds. 

Shrinkage  is  of  two  kinds  —  air  shrinkage  and  fire  shrinkage.  The  for- 
mer takes  place  while  the  clay  is  drying  after  being  molded,  and  is  due  to  the 
evaporation  of  the  water,  and  the  drawing  together  of  the  clay  particles. 
The  latter  occurs  during  firing,  and  is  due  to  a  compacting  of  the  mass  as 
the  particles  soften  under  heat.  Both  are  variable.  In  the  manufacture 
of  most  clay  products  an  average  total  shrinkage  of  about  8  or  9  per  cent 
is  commonly  desired.  Excessive  air  or  fire  shrinkage  causes  cracking  or 
warping  of  the  clay.     To  prevent  this  a  mixture  of  clays  is  often  used. 

Fusibility  is  one  of  the  most  important  properties  of  clays.  When 
subjected  to  a  rising  temperature,  clays,  unlike  metals,  soften  slowly,  and 
hence  fusion  takes  place  gradually.  In  fusing,  the  clay  passes  through 
three  stages,  termed,  respectively,  incipient  fusion,  vitrification,  and 
viscosity. 
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In  the  lower  grades  of  clay,  that  is,  those  having  a  high  i>ercentage  of 
fluxing  impurities,  incipient  fusion  may  occur  at  about  1000°  C,  while  in 
refractory  clays,  which  are  low  in  fluxing  impurities,  it  may  not  occur  until 
1300°  or  1400°  C.  is  reached.  The  temperature  interval  between  incipient 
fusion  and  vitrification  may  be  as  low  as  30°  C.  in  calcareous  clays,  or  as 
much  as  200°  C.  in  some  others.  The  recognition  of  this  variation  is  of 
considerable  practical  importance,  and  vitrified  products,  such  as  paving 
bricks  and  stoneware,  have  to  be  made  from  a  clay  in  which  the  three  stages 
of  fusion  are  separated  by  a  distinct  temi>erature  interval.  The  importance 
of  this  rests  on  the  fact  that  it  is  impossible  to  control  the  temperature  of  a 
large  kiln  within  a  few  degrees,  and  there  must  be  no  danger  of  running 
into  a  condition  of  viscosity  in  case  the  clay  is  heated  beyond  its  i)oint  of 
vitrification. 

Specific  gravity  varies  commonly  from  about  1.70  to  2.30. 

Chemical  Propertiea  (8).  —  The  number  of  common  elements 
which  have  been  fomid  in  clays  is  great,  and  even  some  of  the  rarer 
ones  have  been  noted;  but  in  a  given  clay  the  number  of  elements 
present  is  usually  small,  being  conunonly  confined  to  those  deter- 
mined in  the  ordinary  chemical  analyses,  which  show  their  existence 
in  the  clay,  but  not  always  the  state  of  the  chemical  combination. 
The  conunon  constituents  of  a  clay  are  silica,  alumina,  ferric  or 
ferrous  oxide,  lime,  magnesia,  alkalies,  titanic  acid,  and  combined 
water.  Organic  matter,  and  sulphur  trioxide,  though  often  pres- 
ent, are  usually  in  small  amounts.  Carbon  dioxide  is  always  found 
in  calcareous  clays.    The  effect  of  these  may  be  noted  briefly. 

• 

Silica  is  most  often  present  in  the  form  of  quartz  grains;  but  it  may  also 
be  contained  in  grains  of  undecomposed  minerals.  It  aids  in  lowering  the 
plasticity  and  shrinkage,  and  helps  to  increase  the  refractoriness  at  low 
temperatures.  A  clay  high  in  sihca  (70  to  80  per  cent)  is  usually  sandy. 
Alumina,  which  is  most  abundant  in  white  clays,  is  a  refractory  ingredient. 
Iron  oxide  acts  as  a  coloring  agent  in  both  the  raw  and  burned  clay,  small 
quantities  usually  coloring  a  burned  clay  buff,  and  larger  amounts  (4  to  7 
per  cent),  if  evenly  distributed,  turning  it  red.  It  also  acts  as  a  flux  in 
burning.  Whatever  the  iron  compound  present  in  the  raw  clay  it  changes 
to  the  oxide  in  burning.  Lime,  magnesia,  and  alkaliea  are  also  fluxing  in- 
gredients of  the  clay.  The  combined  percentage  of  fluxing  impurities  is 
small  in  a  refractory  clay,  and  often  high  in  a  low-grade  one.  Ldme,  if 
present  in  considerable  excess  over  the  iron,  will,  in  burning,  exert  a  bleach- 
ing effect  on  the  latter.  For  this  reason,  highly  calcareous  clays,  such  as 
those  in  the  Great  Lake  region,  bum  cream  or  buff.  When  lime  is  present 
in  large  amounts,  it  also  causes  clay  to  soften  more  rapidly  in  firing  than 
it  otherwise  would. 

Chemically  combined  water  and  organic  matter  both  pass  off  at  a  tempera- 
ture of  very  dull  redness  (450°  to  650**  C).  Their  loss  leaves  the  clay  tem- 
I)orarily  porous  until  fire  shrinkage  sets  in.     Titanic  acid,  though  rarely 
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exceeding  1  per  cent,  acts  as  a  flux  at  high  temperatures  at  least.  Stdphur 
trioxide  is  rarely  present  in  sufficiently  high  amounts  to  interfere  with  the 
successful  burning  of  the  clay. 

Carbon  colors  a  raw  clay  gray  or  black,  and  several  per  cent  may  give 
much  trouble  in  burning,  unless  driven  out  of  the  clay  before  it  becomes 
dense. 

Chemical  Composition.  —  As  might  be  expected  from  their  diverse 
modes  of  origin,  clays  vary  widely  in  their  chemical  composition. 
There  is  every  gradation  from  those  which,  in  composition,  closely 
resemble  the  mineral  kaolinite,  to  those,  like  ordinary  brick  clays, 
in  which  there  is  a  high  percentage  of  impurities.  This  variation 
is  shown  in  the  opposite  table. 

The  absence  of  ferrous  oxide,  titanic  oxide,  sulphur  trioxide,  organic 
matter,  and  manganous  oxide  in  many  of  the  analyses  (p.  129)  does 
not  necessarily  indicate  their  non-existence  in  these  clays.  Probably  all 
contain  at  least  small  percentages  of  these  substances,  but  they  are  rarely 
determined. 

Classification  of  Clay.  —  It  is  possible  to  base  a  classification  of  clays 
either  on  origin,  chemical  and  physical  properties,  or  uses.  But  since  the 
subdivisions  which  can  be  made  are  not  sufficiently  distinct,  each  of  these 
gives  rise  to  a  more  or  less  unsatisfactory  grouping.  The  following  classi- 
fication is  based  partly  on  mode  of  origin  and  partly  on  physical  char- 
acters (8) :  — 

A.  Residual  clays.     (By  decomposition  of  rocks  in  situ.)    • 

I.  Kaolins  or  china  clays  (white-burning). 

(a)  Veins,  derived  from  pegmatite,  rhyolite,  etc. 

(&)  Blanket  deposits,  derived  from  extensive  areas  of  igneous  or 

metamorphic  rocks, 
(c)  Pockets  in  limestone,  as  indianaite  (24). 

II.  Red-burning  residuals,  derived  from  different  kinds  of  rocks. 

B.  Colluvial  clays,  representing  deposits  formed  by  wash  from  the  fore- 

going, and  of  either  refractory  or  non-refractory  character. 

C.  Transported  clays. 

I.  Deposited  in  water. 

(a)  Marine  clays  or  shales.     Deposits  often  of  great  extent. 
White-burning  clays.     Ball  clays  and  plastic  kaolins. 
Fire  clays  or  shales.     Buff-burning. 

Calcareous. 
Non-calcareous. 
(&)  Lacustrine  clays  (deposited  in  lakes  or  swamps). 
Fire  clays  or  shales. 
Impure  clays  or  shales,  red-burning. 
Calcareous  clays,  usually  of  surface  character. 

(c)  Flood-plain  clays.     Usually  impure  and  sandy. 

(d)  Estuarine  clays  (deposited  in  estuaries).  Mostly  impure  and 
finely  laminated. 


Impure  clays  or  shales. 


CLAY 


129 


Analtses  showing  Variation  in  Composition  of  Clats 


I 

II 

III 

IV 

V 

Silica  (SiOj) 

Alumina  (AI2O3) 

Ferric  oxide  (FesOs)     .... 
Ferrous  oxide  (FeO)    .... 

Tiime  (CaO) 

Magnesia  (MgO) 

Potash  (KsO) 

Soda(Na20) 

Titanic  oxide  (TiOa)    .... 

Water  (H2O)       

Moisture 

Carbon  dioxide  (COj) .... 
Sulphur  trioxide  (SOa)     .    .    . 

Organic  matter 

Manganous  oxide  (MnO)     .    . 

46.3 
39.8 

13.9 

45.78 

36.46 

.28 

1.08 

.50 

.04 

.25 

13.40 
2.05 

57.62 

24.00 

1.9 

1.2 

.7 

.3 

.5 

I      .2 

10.5 
2.7 

.35 

59.92 

27.56 

1.03 

tr 
tr 

■ 

.64 

9.70 
1.12 

68.62 

14.98 

4.16 

1.48 
1.09 

3.36 

3.55 
2.78 

.64 

Total 

100.00 

99.84 

99.97 

99.97 

100.66 

Silica  (SiOs) 

Alumina  (AI2O8)  .  .  . 
Ferric  oxide  (FejOs)  .  . 
Ferrous  oxide  (FeO)    .    . 

Lime  (CaO) 

Magnesia  (MgO)  .  .  . 
Potash  (K2O)      .... 

Soda  (NaaO) 

Titanic  oxide  (TiOs)   .    . 

Water  (HsO) 

Moisture 

Carbon  dioxide  (CO2) 
Sulphur  trioxide  (SO3)    . 
Organic  matter  .    .     .    . 
Manganous  oxide  (MnO) 


Total 


VI 

VII 

VIII 

IX 

82.45 

54.64 

38.07 

90.00 

10.92 

14.62 

9.46 

4.60 

1.08 

5.69 

2.70 

1.44 

.22 

5.16 

15.84 

.10 

.96 

2.90 

8.50 

.10 

— 

5.89 

2.76 

■   tr. 
.   tr. 

1.00 

— 

.70 

2.4 

3.74 

.85 

2.49 

'    3.04 

4.80 

20.46 

.76 

— 

99.03 

99.05 

100.28 

99.98 

47.92 

14.40 

3.60 


12.30 
1.08 
1.20 
1.50 
1.22 
4.85 

9.50 
1.44 
1.34 


100.35 


1.  ICaohnite. 
II.  Washed  kaolin,  Webster,  N.  Ca. 

III.  Plastic  fire  clay,  St.  Louis.  Mo. 

IV.  Flint  fire  clay,  Salineville,  O. 
V.  Loess  clay,  Guthrie  Center,  la. 

VI.  Pressed-brick  clay,  Rusk,  Tex. 


VII.  Brick  shale.  Mason  City,  la. 
VIII.  Calcareous  brick  clay,  Mil- 
waukee, Wis. 
IX.  Sandy  brick  clay,  Colmesneil, 

Tex. 
X.  Blue  shale  clay.    Ferris,  Tex. 
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II.  Glacial  clays,  found  in  the  drift,  and  often  stony.    May  either  be 

red-  or  cream-burning. 
III.  Wind-formed  deposits  (some  loess). 
D.  Chemical  deposits  (some  flint  clays?). 

Kinds  of  Clays.  —  Many  kinds  of  clays  are  known  by  special 
names,  which  in  some  cases  indicate  their  use,  but  in  others  refer 
partly  to  certain  physical  properties.  The  more  important  ones 
are  the  following  :  — 

Adobe.  A  sandy,  often  calcareous,  clay  used  in  the  west  and  south- 
west for  making  sun-dried  brick.  Ball  clay,  A  white-burning,  plastic, 
sedimentary  clay,  employed  by  pbtters  to  give  plasticity  to  their  mixture. 
Brick  day.  Any  common  clay  suitable  for  making  ordinary  brick.  China 
day.  A  term  applied  to  kaolin  (q.v.).  Earthenware  day.  Clay  suitable 
for  the  manufacture  of  common  earthenware,  such  as  flower  pots.  Fire 
day.  A  clay  capable  of  resisting  a  high  degree  of  heat.  Flint  day.  A 
peculiar  flint-like  fire  clay,  which  when  ground  up  and  wet  develops  no 
plasticity.  Chemically,  it  differs  but  little,  if  at  all,  from  the  plastic  fire 
clays.  Moreover,  the  two  often  occur  in  the  same  bed,  either  in  separate 
layers  or  irregularly  mixed.  Gumbo.  A  very  sticky,  highly  plastic  clay, 
occurring  in  the  central  states,  and  used  for  making  burned-clay  ballast  (2). 
Kaolin.  A  white-burning  residual  clay,  employed  chiefly  in  manufacture  of 
white  earthenware  and  porcelain.  The  term  is  also  applied  by  some  to  the 
white-burning  sedimentary  clays  of  Georgia  and  South  Carolina.  Loess.  A 
sandy,  calcareous,  fine-grained  clay,  covering  thousands  of  square  miles  in 
the  central  states,  and  of  wide  use  in  brick  making.  Paper  day.  Any 
fine-grained  clay,  of  proper  color,  that  can  be  employed  in  the  manufacture 
of  paper.  Pipe  day.  A  loosely  used  term  applied  to  any  smooth  plastic 
clay.  Strictly  speaking,  it  refers  to  a  clay  suited  to  the  manufacture  of  sewer 
pipe.  Pot  day.  A  dense-burning  fire  clay,  used  in  the  manufacture  of  glass 
pots.  The  domestic  supply  comes  mainly  from  St.  Louis,  Missouri,  but 
much  is  imported.  Pottery  day.  Any  clay  suitable  for  the  manufacture  of 
pottery.  Retort  day.  A  plastic  fire  clay,  used  in  making  gas  retorts.  The 
term  is  a  local  one  used  chiefly  in  New  Jersey.  Sagger  day.  A  loose  term 
applied  to  clays  employed  in  making  saggers;  they  are  of  value  for  other 
purposes  as  well.  Sewer-pipe  clay.  A  term  applicable  to  any  clay  that  can 
be  used  for  manufacture  of  sewer-pipe.  It  is  usually  vitrifiable  and  red- 
burning.  Slip  clay.  Under  this  term  are  included  those  clays  which  are 
easily  fusible,  and  form  a  natural  glaze,  when  applied  to  ware  (such  as 
stoneware)  and  burned  at  the  proper  temperature.  The  best-known  variety 
comes  from  Albany,  N.  Y.  Stoneware  day.  A  very  plastic  clay,  which 
bums  to  a  vitrified  or  stoneware  body.  It  may  be  refractory.  Terrorcotta 
day.  Clay  suitable  for  the  manufacture  of  terra  cotta.  The  term  has 
no  special  significance,  as  a  wide  variety  of  clays  are  adapted  to  this 
purpose. 

Geological  Distribution.  —  Clays  have  a  wider  distribution  than 
most  other  economic  minerals  or  rocks,  being  found  in  all  forma- 
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tions  from  the  oldest  to  the  youngest.  The  pre-Cambrian  crystal- 
lines yield  both  white  and  colored  residual  clays,  usually  the  result 
of  weathering,  though  more  rarely  of  solfataric  action.  In  the 
Paleozoic  rocks,  deposits  of  shale,  and  sometimes  of  clay,  are  found 
in  many  localities;  and,  since  they  are  usually  marine  sediments, 
the  beds  are  often  of  great  extent  and  thickness.  The  weathered 
outcrops  of  these  may  yield  a  residual  clay.  With  the  exception  of 
certain  Carboniferous  deposits,  the  Paleozoic  clays  are  mostly  im- 
pure. The  Mesozoic  formations  contain  large  supplies  of  clays 
and  shale  suitable  for  the  manufacture  of  bricks,  terra  cotta,  stone- 
ware, fire  brick,  etc. 

The  Pleistocene  clays  are  all  surface  deposits,  usually  impure, 
and  individually  of  limited  extent,  although  they  are  thickly  scat- 
tered all  over  the  United  States.  Their  chief  value  is  for  brick  and 
tile  making.  They  have  been  accumulated  by  glacial  action,  on 
flood  plains,  in  deltas,  or  in  estuaries  and  lakes. 

Distribution  of  Clays  by  Kinds.  —  Kaolins  (67).  —  Since  kaolins 
proper  are  derived  only  from  crystalline  or  igneous  rocks,  their  dis- 
tribution is  limited;  indeed,  at  present  the  only  deposits  worked 
are  in  the  eastern  states.  Being  commonly  formed  by  the  weather- 
ing of  pegmatite  veins,  kaolin  deposits  have  great  length  as  com- 
pared with  their  width,  which  may  be  anywhere  from  5  to  300  feet. 
Their  depth  ranges  from  20  to  120  feet,  depending  on  the  depth  to 
which  the  feldspar  has  been  weathered. 


SiOa    .    .  .  . 

AlaOs  .     .  .  . 

Fe208  .    .  .  , 

FeO    .    .  .  . 

CaO    .    .  .  . 

MgO  .     .  .  . 

Alkalies  .  .  . 

H2O     .     .  .  . 

Moisture .  .  . 

Clay  substance 


Washbd  Eaolik 

45.78 

36.46 

.28 

1.08 

.50 

.04 

.25 

13.40 

2.05 

99.84 
93.24 


Quartz  and  white  mica  are  often  present  in  kaolin,  and  it  is  then  fre- 
quently necessary  to  put  the  clay  through  a  washing  process  to  remove  these 
minerals.  The  difference  between  a  washed  and  unwashed  kaolin  is  well 
shown  by  the  two  preceding  analyses,  from  which  it  is  seen  that  the  quartz 
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contents  have  been  considerably  lowered,  and  that  the  washed  product 
approaches  more  closely  to  the  composition  of  kaolinite. 

North  Carolina  (52)  and  Pennsylvania  (58,  56)  are  the  most  im- 
portant residual  kaolin-producing  states,  but  deposits  are  also 
worked  in  Connecticut  (17  a),  Maryland  (36),  and  Virginia  (67). 
It  is  known  to  occur  in  Alabama  (10).  All  of  these  deposits  ex- 
cept that  in  Connecticut  are  found  south  of  the  limit  of  the  glacial 
drift.  Kaolins  occur  in  southeastern  Missouri,  but  they  have  never 
become  of  great  importance  (45). 

The  Cretaceous  of  Georgia  (20)  and  South  Carolina  contains  im- 
portant deposits  of  white-burning  sedimentary  clays,  which  might 
perhaps  be  termed  plastic  kaolins  to  distinguish  them  from  the 
residual  ones. 

The  output  from  the  American  deposits  is  insufficient  to  supply 
the  domestic  clay-working  industry,  and  consequently  many  thou- 
sand tons  are  annually  imported  from  England.  Since  this  can  be 
brought  over  as  ballast,  it  is  possible  to  put  it  on  the  American 
market  at  a  low  price.  The  best  grades  of  kaolin  sell  for  $10  to 
$12  per  ton  at  Trenton,  New  Jersey,  and  East  Liverpool, 
Ohio,  these  being  the  two  most  important  pottery  centers  of  this 
country. 

Fire  Clays,  —  Fire  clays  are  found  in  the  rocks  of  all  systems, 
from  the  Carboniferous  to  the  Tertiary,  inclusive,  with  the  excep- 
tion of  the  Triassic. 

The  most  extensive,  and  among  the  most  important,  beds  of  fire 
clay  are  those  found  in  the  Carboniferous  strata  of  Pennsylvania 
(56,  60),  Ohio  (54,  55),  Kentucky  (29,  30,  33),  West  Virginia  (72), 
Maryland  (36),  Indiana  (24),  Missouri  (45),  and  Illinois  (21,  22). 
Those  of  the  first  two  named  states  are  on  the  average  the  most 
refractory.  Here  the  fire  clays  are  usually  found  underlying  coal 
seams  and  often  at  well-marked  horizons,  especially  in  the  Upper 
Productive  Measures. 

The  section  given  in  Fig.  2  is  fairly  representative  of  their  mode 
of  occurrence. 

Those  of  Indiana  and  Illinois  are  so  placed  that  one  mine  shaft 
may  be  used  for  extracting  coal,  fire  clay,  stoneware  clay,  and  shale. 

The  beds  of  refractory  clay,  found  in  the  Carboniferous  strata 
near  St.  Louis  (45),  are  not  only  used  in  the  manufacture  of  fire 
brick,  but  are,  in  some  cases,  found  suitable,  after  washing,  for 
mixture  with  imported  German  clays  for  the  manufacture  of  glass 
pots. 
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In  the  Lower  Cretaceous  of  New  Jersey  (49)  there  are  many  beds 
of  refractory  clay,  variable  in  thickness  and  closely  associated  with 
beds  of  less  refractory  character.  They  not  only  support  a  thriving 
local  fire-brick  industry,  but  serve  also  as  a  source  of  supply  for  fac- 
tories in  other  states.  Similar,  but  less  extensive  and  less  refractory, 
beds  occur  in  strata  of  Cretaceous  Age  in  the  coastal  plain  of  Mary- 
land (36),  Georgia  (20),  South  Carolina  (61),  and  Alabama  (10). 

The  Tertiary  formations  of  Texas  (64)  and  Mississippi  (44)  hold 
abundant  deposits  of  refractory  material,  but  many  are  imdeveloped. 
The  Missouri  Tertiary  also  suppUes  some  fire  clays  (45). 

Fire  clays  are  found  in  the  Black  Hills  of  South  Dakota  (62),  in  the 
Laramie  beds  of  Colorado  (14-17),  and  in  California  (13);  but,  excepting 
near  Denver,  where  used  for  making  fire  brick  and  assayer's  apparatus, 
these  deposits  are  as  yet  slightly  developed. 

Pottery  Clays.  —  Under  this  heading  are  included  several  grades 
of  clay,  the  kaoUns,  already  described,  being  the  purest  and  best 
suited  to  the  manufacture  of  high  grades  of  pottery. 

Another  high-grade  pottery  clay  of  more  plastic  character,  the 
ball  clay,  is  of  limited  distribution  in  the  United  States.  A  small 
quantity  is  found  in  the  Cretaceous  (PL  XVII)  of  New  Jersey  (49), 
and  a  much  larger  amount  in  the  Tertiary  of  western  Kentucky 
(29,  31)  and  Tennessee  (63),  and  southeastern  Missouri  (45)  and 
Florida  (19,  67).  As  in  the  case  of  kaolin,  the  domestic  supply  is 
not  sufficient  to  meet  the  demand,  and  large  quantities  of  ball  clay 
are  imported  from  England. 

Stoneware  clays  form  a  third  grade  of  pottery  clays.  They  are 
usually  of  at  least  semirefractory  character,  but  differ  from  fire 
clays  proper  in  burning  dense  at  a  much  lower  temperature.  Their 
distribution  is  essentially  coextensive  with  that  of  fire  clays;  in- 
deed, the  two  are  often  dug  from  the  same  pit  or  mine.  Large 
quantities  are  obtained  in  the  Carboniferous  of  western  Pennsyl- 
vania (56,  57)  and  eastern  Ohio  (55)  and  smaller  amounts  in  the 
New  Jersey  Cretaceous  formations  (49). 

Stoneware  clays,  usually  in  the  same  area  as  the  fire  clays,  are  also  ob- 
tained in  Illinois  (21),  Indiana  (24),  Kentucky  (29,  31),  Tennessee  (63), 
Alabama  (10),  and  Texas  (64);  and  they  occur  also  in  Missouri  (45),  Iowa 
(26),  Colorado  (15),  and  California  (13). 

Many  of  the  Pleistocene  surface  clays  in  various  states  are  suffi- 
ciently dense-burning  to  be  used  locally  by  small  stoneware 
factories. 
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Brick  and  Tile  Clays  (67).  —  None  of  our  states  lack  an  abundant 
supply  of  good  brick  and  tile  clays,  and  in  many  areas  there  are 
extensive  deposits  near  the  large  markets,  and  often  near  tide 
water.  In  such  cases  the  clay  beds  are  exploited  to  an  enormous 
extent. 

In  the  northeastern  states  the  Pleistocene  surface  clajrs  are  found 
almost  everywhere  in  great  abimdance,  and  are  made  use  of  in  many 
places,  especially  near  the  large  cities. 

In  the  middle  Atlantic  states  Coliunbian  loams  and  clay  marls  are 
an  important  source  of  brick  material. 

In  Ohio,  Illinois,  and  Indiana  Pleistocene  clays,  in  part  of  glacial, 
and  in  part  of  flood-plain  origin,  are  much  used  for  brick  and  tile. 
Impure  Paleozoic  shales  are  also  used  in  places,  especially  in  the 
manufacture  of  vitrified  paving  brick,  thousands  of  which  are  made 
annually  in  Ohio.  Northern  Illinois,  Michigan,  and  Wisconsin 
draw  their  main  supply  of  brick  clays  from  the  calcareous  lake 
deposits. 

Although  glacial  clays  and  flood-plain  deposits  are  much  used  in 
the  states  west  of  the  Mississippi,  the  loess  which  occurs  over  a  wide 
area  is  probably  even  more  important  as  a  source  of  brick,  while  in 
the  southwestern  states  loess  and  adobe  are  important.  Residual 
clays,  river  silts,  glacial  clays,  and  other  forms  of  clay  are  employed 
in  brick  making  along  the  Pacific  coast. 

Miscellaneous  Clays  of  Importance,  —  Paper  clays  of  good  quality  are 
much  sought  for  by  paper  manufacturers.  Much  English  kaolin  is  used 
for  this  purpose,  but  the  domestic  kaolins  are*  also  drawn  upon,  especially 
those  of  Georgia,  South  Carolina,  North  Carolina,  southeastern  Pennsyl- 
vania, and  Connecticut.  A  small  amount  of  glasspot  day  (45)  comes  from 
western  Pennsylvania,  but  much  more  from  eastern  Missouri,  and  our  chief 
supply  is  imported.  Terra-cotta  clays  are  obtained  from  the  same  areas  that 
supply  fire  clays,  New  Jersey  being  the  principal  producer. 

Uses  of  Clay.  —  So  few  people  have  even  an  approximate  idea  of 
the  uses  to  which  clays  are  put  that  it  seems  desirable  to  call  at- 
tention to  them  briefly.  In  the  following  table  an  attempt  has  been 
made  to  do  this:*  — 

Domestic.  —  Pottery  of  various  grades;    Polishing  brick,  often  known  as 

hath  bricks;  Fire  kindlers;  Majolica  stoves. 
Structural.  —  Brick;   Tiles  and  Terra  cotta;   Chimney  pots;  Chimney  flues; 

Door  knobs;   Fireproofing;   Copings;   Fence  posts. 

» Tabic  compiled  by  R.  T.  HUl  and  modified  by  the  author. 
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Hygienic.  —  Closet  howls;  Sinkst  etc.;  Sewer  pipes;  Ventilating  flues; 
Foundation  blocks;   Vitrifl,ed  bricks. 

Decorative.  —  Ornamental  pottery;  Terra  cotta;  Majolica;  Garden  furni- 
ture. 

Minor  Uses.  —  Food  adulterants;  Paint  filler;  Paper  filling;  Electrical 
insulations;  Pumps;  Filling  cloth;  Scouring  soap;  Packing  horses* 
hoofs;  Chemical  apparatus;  Condensing  worms;  Ink  bottles;  Ultras 
marine  manufacture;    Emery  wheels. 

Refractory  Wares.  —  Crucibles  and  other  assaying  apparatus;  Refractory 
bricks  of  various  patterns;  Glc^s  pots. 

Engineering  Work.  —  Puddle;  Portland  cement;  Railroad  ballast;  Water 
conduits;    Turbine  wheels. 

Production  of  Clay  and  Clay  Products.  —  Owing  to  the  fact  that 
clays  are  usually  manufactured  by  the  producer,  it  is  necessary  to 
give  the  value  of  the  product,  no  record  being  kept  of  value  of  the 
raw  material. 

Value  op  Clay  Products  produced  by  the  Nine  Leading  States,  and 
Total  United  States  Production,  1904-190S 


States 

1904 

1005 

1906                1907     . 

1908 

Ohio 

$25,647,783 

$28,303,039 

$31,014,165    $30,340,830 

$26,622,490 

Pennsylvania 
New  Jeraey   . 

16,821.863 

19,124,553 

21,774.611,     20.291.621 

14.842.982 

13.304,047 

16,699,525 

17.362,269 

16,005,460 

12.313.696 

Illinois      .     .     . 

10,777.447 

12.361,786 

12.634.181 

13.220.489 

11.559,114 

New  York     . 

10,643,070 

14,486.347 

13,876,607 

11,772,874 

8.929,224 

Indiana    .     . 

5.902,589        6,499.573 

7.158,234 

6,858,124 

6.740,167 

Missouri  .     . 

5,481.504        6,203,411 

6,696.275 

6.898,871 

5,631.456 

California 

3,024,734        3.865,147 

4.364.230 

5.740,537 

4.523,746 

Iowa    .     .     . 

3.460.853 

3,392.122 

3,469.027 

3,728.785 

4,069,497 
$133,197,762 

Total |S131,023,248 

1 

S149.697.188'$161,032,722'S158,942,369 

1                        1                        1 

Value  op  Clay  Products,  by  Kinds,  in  the  United  States,  1904-1908 

Kind 

1904 

1905 

• 

1906 

1907 

1908 

Common  brick 

Sol. 786.558 

$61,394,383 

$61,300,696 

$58,785,461 

$44,765,614 

Vitrified  paving  brick     .     . 

7,557.425 

6.703.710 

7,857.768 

9.654.282 

10,657.475 

Front  brick 

5,560.131 

7.108,092 

7,895.323 

7.329.360 

6,935,600 

Ornamental  brick  .... 

300.233 

293,907 

207,119 

361.243 

259,556 

Enameled  brick      .... 

545,397 

636.279 

773,104 

918.173 

660,862 

Firebrick 

11.167,972 

12.735,404 

14,206,868 

14,946,045 

10,696,216 

Stove  linings 

not  given 
separately 
5,348,555 

645,432 

743,414 

627.647 

529.976 

Drain  tile 

6.850,210 

6.543.289 

6,864.162 

8,661,476 

Sewer  pipe 

9.187,423 

10.097,089 

11,114.967 

11.482,845 

11,003.731 

Architectural  terra  cotta 

4,107,473 

5,003.158 

5.739.460 

6.026.977 

4,577.367 

Fireproofing 

3.629.101 

4,098.793 

4.586.538 

4.250,618 

3.168.037 

Tile  (not  drain)      .... 

3.023,428 

3.647.726 

4,634,898 

4.551,881 

3,877,780 

Pottery 

25.158,270 

27,918,894 

31.440,884      30.143,474 

1 

25,135,555 

Much  clay  is  mined  and  sold,  especially  to  manufacturers  of  high- 
grade  clay  products  who  do  not  own  deposits  themselves.  The 
value  of  production  of  such  clays  is  given  below. 
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Value  op  Clays  mined  and  Sold  in  the  United  States,  1904^1908 

Kind 

1904 

1905 

1906 

1907 

1908 

Kaolin 

Paper  clay 

Slip  clay 

Ball  clay 

Fire  clay 

Stoneware  clay       .... 
Miacellaneous 

$304,582 

267.381 

11,942 

142,028 

1,306,053 

83.904 

204.272 

$326,835 

307,238 

33,384 

167.212 

1,529.468 
219.767 
184.102 

$369,452 

342.708 

31.546 

199.073 

1,878.011 
160,774 
273.692 

$340,311 

293,943 

37.925 

195.515 

2.054,698 
136.576 
389,580 

$216,243 

310.943 

22.370 

133.770 

1.486.139 
102.390 
328.131 

Total 

$2,320,162 

$2,768,006 

$3,245,256 

$3,448,548 

$2,599,986 
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45, 1893.     (Geology.)     55.  Orton,  Jr.,  Ibid.,  p.  69.     (Clay  industries.) 

—  Pennsylvania :  56.  Hopkins,  Pa.  State  College,  Ann.  Repts.  as 
follows,  1897,  Appendix.  (W.  Pa.)  Ibid.,  Append,  to  Rept.  for  1899- 
1900.  (Philadelphia  and  vicinity.)  57.  Ibid.,  1898-1899.  (S.  E.  Pa.) 
58.  Many  analyses  in  2d  Pa.  Geol.  Surv.,  Rept.  MM :  257,  1879, 
and  scattered  references  in  Repts.  H  5,  H  4,  C  4,  C  5,  etc.  59.  R^sum4 
in  U.  S.  Geol.  Surv.,  Prof.  Pap.  11  :  208, 1903.  60.  Scattered  papers  in 
U.  S.  Geol-  Surv.,  Bulls.  285,  279,  315,  256,  225.  —  South  CaroUna : 

61.  Sloane,  Bull.  I,  S.  Ca.  Geol.  Surv.    (S.  Ca.).  —  South  Dakota : 

62.  Todd,  S.  D.  Geol.  Surv.,  Bull.  3  :  101.  —  Tennessee  :  63.  Eckel, 
U.S.  Geol.  Surv.,  Bull.  213:382,  1903.  (W.  Tenn.) —Texas  :  64. 
Univ.  of  Tex.,  BuU.  102, 1908.  —  United  States  :  65.  HiU,  U.  S.  Geol. 
Surv.,  Min.  Res.  1891  :  474,  1893.  66.  Ries,  U.  S.  Geol.  Surv.,  17th 
Ann.  Rept.,  Ill :  845,  1896.     (Pottery  Clays.)     67.  Ries,  U.  S.  Geol. 
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Surv.,  Prof.  Pap.  11,  1903.  (Clays  east  of  Mississippi  River.)  —  Ver- 
mont :  68.  Nevius,  Eng.  and  Min.  Jour.  LXIV:  189,  1897.  (Kaolin.) 
69.  Ries,  U.  S.  Geol.  Surv.,  Prof.  Pap.  11  :  133,  1903.  —  Virginia  :  70. 
Ries,  Va.  Geol.  Surv.,  Bull.  2,  1906.  (Coastal  Plain.)  —  Washington: 
71.  Landes,  Wash.  Geol.  Surv.,  1 :  173,  1902.  (General.)  —  West 
Virginia:  72.  Grimsleyand  Grout,  W.  Va.  Geol.  Surv.,  Ill,  1906, 
— Wisconsin:  73.  Buckley,  Wis.  Geol. and  Nat.  Hist.  Surv., Bull. 7, 
Pt.  I,  Eco.  Series  4,  1901.  (General.)  74.  Ries,  Wis.  Geol.  Surv., 
Bull.  15,  1906.  —  Wyoming  :  75.  Knight,  Wyo.  Experiment  Station, 
Bull.  14,  1893.  (General.)  76.  Fisher,  U.  S.  Geol.  Surv.,  Bull.  260 
559,  1905. 
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CHAPTER  V 


LIMES  AND  CALCAREOUS  CEMENTS 

Composition  of  Limestones  (2,  43).  —  Limes  and  calcareous 
cements  form  an  important  class  of  economic  products,  obtained 
from  limestones  by  heating  them  to  a  temperature  ranging  from 
that  of  decarbonation  to  clinkering.  The  term  limestone  is  applied 
to  one  of  the  main  divisions  of  the  stratified  rocks  so  widely  distrib- 
uted, both  geologically  and  geographically,  and  formed  under  such 
diflferent  conditions,  that  its  composition  varies  greatly,  this  range 
of  variation  becoming  appreciable  from  an  inspection  of  the  follow- 
ing table,  which  contains  a  few  selected  types:  — 


I 

II 

III 

IV 

V 

VI 

VII 

VIII 

Silica  (SiOs)     .     .     . 
Alumina  (AlzOs)   .     . 
Ferric  oxide  (FesOs)   . 
Lime  (CaO)     ... 
Ma^esia   (MgO) 
Sulphur  trioxide  (SOs) 
Carbon  dioxide  (CO2) 
Water  (HaO)    .     .     . 

.54 

.42 

54.73 
.19 

43.22 

< 

5^ 

4! 

^22 
.92 
.18 

i.08 
.10 

2.50 

.48 

■ 

.20 

31.31 
21.03 

46.98 

4.9 

6.5 

27.3 
14.6 

44.8 
98.1 

14.30 

.70 

.80 

46.50 

n.d. 

36.54 

15.05 
9.02 
1.27 

39.26 
1.90 

32.90 

16.99 

5.00 

1.79 

23.15 

16.60 

36.47 

12.13 
4.17 
3.28 

42.04 

.44 

n.d. 

33.51 

99.10 

100.00 

99.99 

98.84 

99.40 

100.00 

95.57 

I.  Pure  limestone,  Ilasco,  Mo.  II.  Chalk,  Marinas^  Cuba.  III.  Dolomite, 
E.  Canaan,  Conn.  IV.  Magnesian  limestone,  Clinton,  Hunterdon  Co.,  N.  J. 
V.  Siliceous  limestone  for  hydraulic  lime,  Teil,  France.  VI.  Argillaceous  (cement 
rock)  limestone,  Lehigh  district,  Pa.  VII.  Argillaceous  magnesian  limestone, 
Milwaukee,  Wis.    VIII.  Clayey  chalk. 

From  this  table  it  will  be  seen  that  Umestones  vary  from  rocks 
composed  almost  entirely  of  carbonate  of  Hme,  or  of  carbonate  of 
lime  and  carbonate  of  magnesia,  to  others  which  are  high  in  clayey 
or  siliceous  impurities.  The  presence  of  such  impurities  in  large 
quantity  usually  imparts  an  earthy  appearance  to  the  limestone, 
and  sometimes  even  gives  it  a  shaly  structure. 

Marked  variations  in  composition  may  at  times  be  found  even 
in  a  single  quarry  (50),  while  in  other  cases  a  limestone  formation 
may  show  remarkable  uniformity  of  composition  over  a  wide  area. 
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Changes  in  Burning  (2).  —  When  hmestones  are  calcined  or 
"  burned  "  to  a  temperature  sufficiently  high  to  drive  oflf  volatile 
constituents;  such  as  carbon  dioxide,  water,  and  sulphur  (in  part), 
or,  in  other  words,  to  the  point  of  decarbonation,  the  rock  is  left  in 
a  more  or  less  porous  condition.  If  heated  to  a  still  higher  tem- 
perature, the  rock  clinkers  or  fuses  incipiently,  but  the  temperature 
of  clinkering  depends  on  the  amount  of  siliceous  and  clayey  im- 
purities in  the  rock. 

Lime  (2,  43).  —  Limestone  free  from  or  containing  but  a  small 
percentage  of  argillaceous  impurities  is,  by  decarbonation,  changed 
to  quicklime,  a  substance  which  has  a  high  affinity  for  water,  and 
which,  when  mixed  with  water,  "  slakes,"  forming  a  hydrate  of  Ume. 
This  change  is  accompanied  by  the  evolution  of  heat  and  oy  swell- 
ing, and  this  action  becomes  the  more  marked  the  higher  the  per- 
centage of  lime  carbonate  in  the  rock,  for  the  slaking  activity 
is  retarded  by  the  presence  of  magnesia  and  especially  by  argil- 
laceous impurities.  Limes  may,  therefore,  be  divided  into 
"  fat "  limes  and  "  meager "  limes,  depending  on  the  rapidity 
with  which  they  slake  and. the  amount  of  heat  they  develop  in 
doing  so. 

Hydraulic  Cements.  —  With  an  increase  in  clayey  and  siliceous 
impurities,  the  burned  rock  shows  a  decrease  in  slaking  qualities, 
and  develops  hydrauUc  properties,  or  sets  when  mixed  with  water, 
and  even  under  the  same.  Products  of  this  type  are  termed  ce- 
ments, and  owe  their  hydraulic  properties  to  the  formation  during 
burning  of  silicates  and  aluminates  of  lime.  On  mixing  the  burned 
ground  rock  with  water,  these  take  up  the  latter  and  crystaUize, 
thereby  producing  the  set  of  the  cement. 

Hydraulic  cements  can  be  divided  into  the  following  classes: 
Pozzuolan  cements,  hydraulic  hmes,  natural  cements,  and  Portland 
cements. 

Pozzuolan  Cement  (2,  63).  —  This  is  produced  from  an  uncal- 
cined  mixture  of  slaked  lime  and  a  silico-aluminous  material,  such 
as  volcanic  ash  or  blast-furnace  slag. 

This  process  was  known  to  the  ancients,  and  is  named  from  its 
early  use  around  Pozzuolano,  Italy.  The  composition  of  an  Italian 
Pozzuolano  earth  may  vary  between  the  following  limits:*  SiOj, 
52-60;  AljOs,  9-21;  Fe^Os,  5-22;  CaO,  2-10;  MgO,  up  to  2;  al- 
kalies, 3-16;  HjO,  up  to  12. 

»  Schoch,  Die  Moderne  Aufbereitung  u.  Wertung  der  M5rtel  Materialien,  Berlin. 
1896. 
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No  deposits  of  volcanic  ash,  for  use  in  Pozzuolan  cement,  are 
worked  in  the  United  States,  although  extensive  deposits  of  the 
material  are  known  to  occur  in  the  Rocky  Mountain  and  Pacific 
coast  states.  The  reported  importation  of  Japanese  volcanic  ash 
to  the  Pacific  coast  states  ^  may  serve  to  draw  attention  to  the  do- 
mestic material.  The  following  composition  of  the  Japanese  ash 
does  not  fall  within  the  limits  given  above.  It  is  SiOj,  42.10;  AljOg, 
25.72;  FesOs,  18.28;  CaO,  1.15;  MgO,  .85;  Na«0  and  K,0,  2.20; 
loss  on  ignition,  9.70. 

The  manufacture  of  slag  cement  is  now  carried  on  at  several 
localities  in  the  United  States,  and  is  a  growing  industry  (2). 

Hydraulic  limes  (2)  are  formed  by  burning  a  siliceous  limestone 
to  a  temperature  not  much  above  that  of  decarbonation.  Owing 
to  the  high  percentage  of  lime  carbonate,  considerable  free  lime 
appears  in  the  finished  product.  HydrauUc  limes  generally  have  a 
yellow  color,  and  a  gravity  of  about  2.9.  They  slake  and  set  slowly, 
and  have  little  strength  unless  mixed  with  sand.  This  class  is  of 
little  importance  in  the  United  States,  although  small  quantities 
have,  in  the  last  few  years,  been  produced  in  Maryland,  Georgia, 
and  New  York.  They  are,  however,  of  great  importance  in  Europe, 
and  it  may  be  of  interest  to  give  a  few  analyses  of  the  raw  material 
used  abroad  (2) : 


Analyses  of  Hydraulic  Lime  Rocks 


SiHca(Si02)      .     .    . 
Alumina  (AI2O8)  .     . 
Iron  oxide  (FesOs) 
Lime  (CaO)     .     .     . 
Ma^esia  (MgO) 
Carbon  dioxide  (CO2) 
Water 


14.30 

11.03 

.70 

3.75 

.80 

5.07 

46.50 

43.02 

undet. 

1.34 

36.54 

35.27 

7.60 

.75 

50.05 
.30 

41.30 


17.00 
1.00 

44.80 
.71 

35.99 


1.  Teil,  France.    2.  Hausbergen,  Oermany.    3.  Malain,  France.    4.  Se- 
nonohes,  France. 

In  the  best  tjrpes  of  hydraulic  limestones,  silica  varies  between 
13  and  17  per  cent,  while  alumina  and  iron  oxide  together  rarely 
exceed  3  per  cent. 


>  Min.  Res.,  U.  S.  Geol.  Surv..  1907 :  491,  1908. 
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NcUural  Rock  Cements  (2,  43).  —  These,  known  also  as  Roman 
cement,  quick-setting  cement,  and  Rosendale  C3ment,  are  made  by 
burning  a  silico-aluminous  limestone  (containing  from  15  to  40  per 
cent  clayey  impurities)  at  a  temperature  between  decarbonation 
and  clinkering.  The  product  shows  little  or  no  free  lime.  The 
following  analyses  will  give  some  idea  of  the  range  in  composition  of 
natural  cement  rocks  quarried  in  the  United  States :  — 


Analyses  of  Natural  Cement  Rocks 


SiOs  . 
AlsOs. 
FeaOs 
CaO  . 
MgO  , 
Alk.  . 
SOs  . 
CO2  < 
HoO   . 


Utica, 
Iuj. 


17.01 
3.35 
2.39 

32.85 
8.45 
n.d. 
1.81 

34.12 


Louis- 
ville 

DiaTRICT 


15.21 
4.07 
1.44 

33.99 
7.57 


f  35.03 


Fort 

Scott, 

Kan. 


17.26 
2.05 
5.45 

34.45 
5.28 


32.87  1 


Hancock, 
Mo. 

Hancock, 
Md. 

19.81 

24.74 

7.35 

16.74 

2.41 

6.30 

35.76 

23.41 

2.18 

4.09 

n.d. 

6.18 

n.d. 

2.22 

31.74 

22.90 

Manka- 

to, 
Minn. 


10.10 

2.78 

1.34 

25.96 

14.91 

3,50 

.26 

41.29 


Si02 

AI2O3 

FesOs 

CaO 

MgO 

Alk. 

SOs 

CO2 

H2O 


Law- 
rence- 

Law- 

RENCE- 

Howes 

VILLE, 

N.Y. 

VILLB, 

N.Y. 

N.Y. 

10.90 

23.80 

12.89 

3.40 

2.28 

4.17] 
4.71  J 

11.15 

29.57 

22.27 

30.90 

14.04 

12.09 

9.38 

n.d. 

n.d. 

.61 

.90 

37.90 

31.00 

34.60 

n.d. 

n.d. 

James- 

VILLE, 

N.Y. 


10.97 

4.46 

1.54 

27.51 

16.90 


37.94 


Akron- 

BUPPALO 

District 


9.03 

2.25 

.85 

26.84 

18.37 

.85 

n.d. 

40.33 

.98 


Mil- 
waukee, 
Wis. 


17.56 
1.40 

2.24 
27.14 
13.89 


36.45 


Natural  cements  differ  from  lime  in  possessing  hydraulic  prop- 
erties, and  refusal  to  slake  unless  ground  very  fine.  They  differ 
from  Portland  cements  in  lighter  weight,  lower  temperature  of 
burning,  quicker  set,  lower  ultimate  strength,  and  greater  'atitude 
of  composition.  Magnesia  is  nqt  regarded  as  a  detrimental  im- 
purity in  natural  cements  as  it  is  in  Portland  cement. 
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The  following  are  some  analyses  of  the  burned  material: 


Analyses 

OP  Some  Natural  Rock  Cements 

CaO        MgO 

SiO, 

A1,0, 

Fe^8 

Na,0,K,0 

loNITION 

Natural  rock  cement, 

1 

Rosendale,  N.  Y. 

34.38 

18 

30.5 

6.84 

2.42 

3.98 

3.78 

Natural  rock  cement, 

Akron,  N.  Y.    .     . 

40.68 

22 

22.62 

7.44 

1.40 

2.23 

3.63 

Natural  rock  cement. 

m 

Cumberland,  Md. 

43.97 

2.21 

22.38 

11.71 

2.29 

9.00 

2.44 

Roman    cement,    RQ- 

dersdorf,  Germany 

56.45 

4.84 

27.88 

6.19 

4.64 

—— 

^■^ 

Portland  CemerU  (2).  —  Portland  cement  is  the  product  obtained 
by  burning  a  finely  ground  artificial  mixture  consisting  essentially 
of  lime,  silica,  alumina,  and  some  iron  oxide,  these  substances  being 
present  in  certain  definite  proportions.  Portland  cement  was  first 
made  by  Joseph  Apsdin,  of  Leeds,  England,  who  desired  to  make  an 
artificial  cement  that  would  replace  natural  hydraulic  cements.  It 
received  its  name  because  it  hardened  under  water  to  a  mass  resem- 
bling the  Portland  stone  of  England. 

The  following  combinations  of  raw  materials  are  at  present  used 
in  the  manufacture  of  true  Portland  cement  in  the  United  States: 
marl  and  day]  limestone  and  day,  or  shale;  chalk  and  d/iy]  pure 
limestone  and  argillaceous  limestone. 

In  these  combinations  it  is  evident  that  the  substances  first  named 
supply  most  of  the  lime  and  the  second  most  of  the  silica,  alumina,  and  iron. 
In  the  fourth  the  argillaceous  limestone  supplies  some  lime,  as  well  as  the 
silica  and  alumina.  The  nature  of  the  raw  materials  chosen  depends  to  a 
large  degree  on  the  location  of  the  plant,  whether  in  a  limestone-  or  a  marl- 
producing  region.  Where  both  of  these  raw  materials  are  available, 
as  in  parts  of  New  York,  questions  of  m^^nipulation  in  the  process  of  manu- 
facture govern  the  selection  of  one  or  the  other. 

Marls,  for  example,  though  easier  to  excavate  and  reduce  than  lime- 
stones, contain  so  much  more  organic  matter  and  water  than  limestones  that 
they  are  more  expensive  to  handle  and  prepare.  Marl  beds  are  likewise  apt 
to  be  of  limited  extent  and  irregular,  while  limestone  beds  are,  so  far  as  the 
needs  of  a  manufacturing  plant  are  concerned,  practicaUy  limitless. 

Comparing  clay  and  shale,  ^  the  former  is  often  easier  to  excavate, 
but,  on  account  of  the  water  it  contains,  has  to  be  dried  before  it  can  be 
ground  and  mixed.     The  fossils  in  shales  are  sometimes  an  important 


'  It  is  probable  that  the  refuse  of  many  slate  quarries  could  also  be  used  in  place 
of  shale. 
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source  of  calcium  carbonate,  and  then  careful  grinding  and  mixing  is  neces- 
sary to  bring  about  a  uniform  distribution  of  the  lime  through  the  mass. 
Shale  is,  however,  used  by  only  a  few  works. 

Argillaceous  limestone,  mixed  with  a  much  smaller  quantity  of  purer 
limestone,  as  in  Pennsylvania  and  New  Jersey,  is  superior  to  a  limestone 
and  clay  mixture,  because  less  thorough  mixing  and  fine  grinding  are  re- 
quired. In  such  cements,  even  when  grinding  and  mixing  are  incompletely 
done,  the  particles  of  argillaceous  limestone  so  closely  resemble  the  proper 
mixture  in  chemical  composition  as  to  affect  the  result  but  little. 

The  following  table  gives  tbe  analyses  of  some  of  the  raw  materials 
used  in  manufacture  of  Portland  cement:  — 

Analyses  of  Raw  Materials  used  for  Portland  Cement 


H,0  + 
Org. 

LocAx.rrT 

MATEBIAIi 

SiO, 

Al,03 

Fe,0, 

CaC0s;MgC08 

MiSCEL. 

Matter 

[  Calc.  shale 

Lehigh 

or 

CaSOi 

Valley, 

cement  rock 

15.40 

4.26 

1.38 

74.66 

2.66 

1.88 

.86 

Penn. 

' 

Limestone 

5.87 

1.59 

88.00 

4.00 

mixture 

1 

13.97 

5.07    1.88 

74.1 
CaO 

2.04 
MgO 

1.82 

Glens 

SO3 

Falls, 

N.Y. 

Limestone 

3.3 

1.3 

52.15 

1.58 

.3 

CaO 

MgO 

SO3 

[clay 

55.27 

28.15 

5.84 

2.25 

8.37 

.12 

Warners, 

Marl 

.26 

.10 

94.39 

.38 

4.64 

N.Y. 

Clay 

40.48 

20.95 

25.80 

.99 

8.50 

■ 

Insol. 

CaSOi 

Sandusky, 

Marl 

1.28 

1.72 

92.70 

.50 

1.13 

2.06 

Ohio 

CaO 

MgO 

I  Clay 

64.70 

11.9 

9.9 

.90 

.70 

11.9 

White 

r  Chalk 

7.97 

1.09 

88.64 

.73 

Cliffs, 

■ 

CaO 

MgO 

Ark. 

iciay 

53.3 

23.29 

9.52 

.36 

1.49 

5.16 

In  the  selection  of  the  raw  materials  the  aim  of  the  manufacturers  is  to 
produce  a  raw  mixture  which  runs  approximately  75  per  cent  carbonate  and 
the  balance  clay.  In  the  burning  of  this  mixture,  which  must  be  done  at  a 
high  temperature  (often  estimated  at  3000°  F.),  a  fused  mass  termed  clinker 
is  formed.  This  consists  probably  of  silicates,  aluminates,  and  ferrites 
of  lime.  The  finely  ground  clinker,  which  is  the  Portland  cement,  is  blue  to 
gray  in  color,  and  has  a  specific  gravity  of  3  to  3.25. 

In  some  localities  argillaceous  limestones  are  found  which  approach  so 
closely  to  the  proper  composition,  that  but  little  additional  material  has 
to  be  added  to  make  a  mixture  of  the  proper  composition. 
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The  raw  materials  must  not  only  have  the  proper  composition,  but 
they  also  must  show  proper  physical  character,  extent,  and  location,  with 
respect  to  market  and  fuel  supplies.  As  regards  composition,  5  or  6  per 
cent  magnesium  carbonate  is  about  the  permissible  limit.  Chert,  flint, 
or  sand  are  also  undesirable  impurities,  and  alkalies  and  sulphates  should 
not  exceed  3  per  cent.  For  a  clayey  limestone  the  limiting  values  for  silica, 
alumina,  and  iron  are: 


SiOs 


AI2O8  +  FeaOs 


>2  and 


SiOs 


AI2O8  +  Fe208 


<3.5. 


The  following  are  analyses  of  Portland  cement  mixtures  before 
burning:^  — 

Analyses  of  Portland  Cement  Mixtures 


SiOs 

12.85 

12.92 

13.52 

14.94 

AI2O3 

4.92 

4.83 

6.56 

2.66 

FeaOs 

1.21 

1.77 

1.10 

CaCOa 

76.36 

75.53 

75.13 

75.59 

MgCOs 

2.13 

4.34 

4.32 

4.64 

97.47 

99.39 

99.53 

98.93 

The  following  analyses  will  serve  to  illustrate  the  composition  of 
some  American  Portland  cements:  — 

Analyses  of  Cements 


Empire  brand 
Sandusky  .  . 
Alpha    .     .     . 


SiO, 

A1,0, 

6.45 
6.16 
8.76 

Fe,Oa 

CaO 

MgO 

22.04 
23.08 
22.62 

3.41 
2.90 
2.66 

60.92 
62.38 
61.46 

3.53 
1.21 
2.92 

so. 


2.73 
1.66 
1.53 


Distribution  of  Lime  and  Cement  Materials  in  the  United  States. 
Limestone  for  Lime,  —  Limestones  of  suitable  composition  for 
making  lime  are  so  widely  distributed  that  no  particular  regions  or 
states  require  special  mention.*  In  the  New  England  states,  crys- 
talline limestones  are  the  chief  source  of  supply.  In  the  Appala- 
chian states,  from  New  York  to  Alabama,  there  are  many  Paleozoic 
limestones  of  high  purity,  notably  the  Trenton,  Lower  Helderberg, 
and  Carboniferous  limestones  (see  state  references).    The  same 

» U.  S.  Geol.  Surv.,  Min  Res.,  1907. 

'  Analyses  and  detailed  descriptions  will  be  found  in  the  areal  reports,  mentioned 
in  the  list  of  References. 
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series  of  rocks  are  also  of  importance  in  the  Mississippi  Valley 
states  from  Tennessee  (52)  to  Michigan  (35).  Lime  of  excellent 
quality  is  obtained  from  the  Subcarboniferous  in  Iowa  (23,  24), 
Kansas  (25),  and  Missouri  (53),  and  from  the  Cretaceous  in  Texas 
(53).  Limestones  suitable  for  lime  manufacture  are  also  found  in 
numerous  localities  in  the  Pacific  coast  states  (53). 

Hydraulic  Limes  (2).  —  Largely  because  of  the  great  abundance 
of  natural-rock  cements,  which  are  of  superior  value,  these  materials, 
though  much  used  abroad,  are  of  no  importance  in  the  United 
States. 

It  is  stated  that  in  1906  and  1907  ^  several  natural  cement  plants 
have  been  making  and  marketing  a  true  hydraulic  lime,  but  no 
output  is  given  for  1908. 

Natural  Rock  Cements  (2,  43,  53).  —  Calcareous  rocks  for  making 
natural  cement  are  found  at  a  number  of  points,  the  more  impor- 
tant ones  being  given  in  sunmiarized  form  in  the  following  table:  — 

Geologic  Age  of  Natural  Cement  Rocks  in  the  United  States 


Statb 

Qeorgia 
Illinois 

Indiana-Kentucky 
Kansas 
Maryland 
Minnesota 
New  York 
North  Dakota 


Qbologic  Age 

Cambro-Ordivician 

Ordovician 

Devonian 

Carboniferous 

Silurian 

Ordovician 

Silurian 

Cretaoeous 


Statb 

Ohio 

Pennsylvania 
Texas 
Virginia 
West  Virginia- 
Maryland 
Wisconsin 


Geologic  Agb 

Devonian 
Ordovician 
Cretaceous 
Cambrian 

Cambrian 
Devonian 


In  many  districts  the  cement  rocks  occurs  in  more  than  one  bed, 
and  may  be  interstratified  with  limestones  or  shales  of  no  economic 
value  for  cement  making  (Fig.  54). 

Some  of  the  important  occurrences  may  be  briefly  referred  to. 

New  York  (43).  —  This  state  contains  four  localities  in  which 
natural  cement  rock  is  found,  these  in  the  order  of  their  impor- 
tance being:  1.  Rosendale  District  in  Ulster  County;  2.  Akron- 
Buffalo  District  in  Erie  County;  3.  Fayetteville-Manlius  District 
in  Onondaga  County  (mostly) ;  4.  Howe's  Cave,  Schoharie  Coimty. 
The  following  chart  shows  their  occurrence  at  different  horizons  in 
the  Silurian:  — 


» U.  9.  Geol.  Surv.,  Min.  Res.,  1907  :  490,  1908. 


Platb  XVIII 


Via.  I ,  —  QuBiry  of  natural  cement  rock,  Cumberland.  Md.     (H.  Rita,  pholo.) 


Fio.  2.  —  Natural  p 
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Formation 

Ulster  Co. 

SCHOHARIB 

Onondaga 

Erik 

Manlius 

Present,  not 
worked    for 
cement 

Worked    at 
Howe's  cave 

Worked    for 
cement       at 
Manlius,  etc 

Absent 

Rondout 

Upper     ce- 
ment bed  of 
Rondout 
district 

Worked  for 
cement      at 
Howe's  Cave 

Present,  but 
not    worked 

• 

Absent 

CobleskiU 

• 

Present 

Not  used  for 
cement 

Bertie 

• 

Lower     ce- 
ment bed  of 
Rondout 
district 

Absent 

Present       in 
Onondaga 
,    Co.,  but 
rarely  used 

Worked 
around 
Akron  and 
Buffalo 

VVUber 

Limestones 

No  cement 

In  Rosendale  district  (Figs.  52  and  53),  two  distinct  beds  are 
worked  usually,  which  differ  in  chemical  composition  and  geologic 
age.  The  lower  or  dark  bed,  according  to  Darton,  averages  about 
21  feet,  while  the  upper  or  light  bed  is  about  11  feet,  the  two  being 
separated  by  14-15  feet  of  worthless  limestone. 

The  lower  bed  rests  directly  on  Clinton  quartzite. 

The  folding  and  faulting  are  intense  in  the  Rosendale  district 
(Fig.  53),  but  the  beds  show  little  disturbance  in  the  others. 

Other  States.  —  Southward  from  New  York  natural  cement  rock  is  quar- 
ried at  a  number  of  points  along  the  Appalachians,  but  owing  to  the  folded 
character  of  the  beds  the  extraction  is  often  difficult  (PL  XVIII,  Fig.  1). 
The  Lehigh  district  of  Pennsylvania  is  an  important  producer  of  natural 
cement,  but  still  more  so  of  Portland  cement  (p.  149). 

Several  beds  are  worked  in  the  Cumberland-Hancock  area  of  Maryland 
(32,  33),  while  in  Virginia  (55)  limestones  of  suitable  composition  for  natural 
cement  manufacture  occur  at  several  horizons,  but  only  the  argillaceous 
magnesian  limestones  found  in  the  lower  part  of  the  Shenandoah  (Cambro- 
Ordovician)  limestone  will  probably  prove  of  economic  value.  Others 
are  worked  in  Georgia  (14,  15,  53.) 

Natural  cement  has  been  made  at  Utica,  lU.  (53),  from  dolomitic 
limestone  (Fig.  54),  for  nearly  fifty  years. 

'Near  Milwaukee,  Wisconsin  (53),  the  cement  beds  occur  interstratified 
with  Devonian  limestone   (PI.  XVIII,  Fig.  2).     Farther  west  near  Fort 
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Soott,  Kansas  (26),  slightly  magnesian  Carboniferous  argillaceous  limestonea 
are  worked. 

Cement  rock  is  also  obtuned  in  southeastern  Ohio  (44),  and  at  Louis- 
ville, Kentucky  (29),  probably  the  second  most  important  center  in  the 
United  States. 


t  BoDdout,  N.  Y.     {Afier  nm 
a.  6S.) 

Portland  CemerUs.  —  Clay  and  limestone,  in  one  form  or  another, 
are  so  widely  distributed  throughout  the  United  States  that  it 
ia  possible  to  manufacture  Portland  cement  at  many  localities, 
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> 


r      -f    m    f    -m     m»  i^. 


•f  Vh»t,fh*rg 


Fio.  63.  —  Geologic  sections  through  the  Vlightberg,  showing  position  of  natural 
rock  cement  beds.     {After  van  Ingen,  N.  Y.  State  Mue,,  Bull.  69.) 


Um%aton€ 


Cement  rook 


Sandstone 


7  feet 


I       I 


and  the  geologic  age  of  the  materials  used  ranges  from  Ordovi- 

eian  to  Pleistocene    (53),   (Refs. 

imder  different  states).     Twenty-   ^^^^^^  ^^^^ 

five    states    were    making    this 

cement    in    1908,    the    factories 

being   spread   over  the    country 

from  the  Atlantic  to  the  Pacific 

(Fig.  58). 

Pennsylvania, — By  far  the  most 
important  district  is  the  Lehigh 
Valley  in  Pennsylvania;  which 
supplies  about  39  per  cent  of  the 
domestic  product. 

The  cement  belt  lies  in  North- 
ampton and  Lehigh  counties, 
Pennsylvania  (Fig.  65),  and  the   (^'^'"^'ock 


I 


I 


t  . 


10-22  feet 


6  feet 


2-4  feet 


6  feet 


geologic   section   involved   is   as    t>,«  ra      a   *•     :  *       — : 

°  „     °  Fig.  54.  —  Section  in  cement  quames 


follows  (50) :  — 


at  Utica,  111.     {After  Eckel.) 


■* 
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Hudson  River  slate.    Probably  500  feet  thick.     No  limestone.      Sharp 

boundary. 

{More    or    less    argillaceous    slaty  limestone,    the 
cement  rock. 
Nearly  pure  limestones  with  some  dolomitic  beds. 
Kittatinny    dolomites    and    dolomitic    limestones. 
3000' :£.   Some  beds  flinty,  and  lowest  are  siliceous. 
.Basal  conglomerates  or  quartzite. 
Pre-Cambrian  rocks.    Mainly  gneisses. 


Cambrian 


The  lower  member  of  the  Trenton  varies  in  its  physical  character, 
and  furnishes  material  to  raise  the  lime  content  of  the  cement  rock 
for  Portland  cement  manufacture.  Its  lime  carbonate  content  varies 
from  80  to  97  per  cent,  but  occasionally  drops  to  70  per  cent,  while  the 
magnesian  carbonate  nms  from  1.5  to  3  per  cent.  In  a  few  it  reaches 
20  per  cent,  and  these  highly  magnesian  layers  cause  trouble  in  quar- 
rying. The  upper  or  slaty  member  of  the  Trenton  grades  into  the 
lower  one.  The  rocks  of  this  region  have,  by  post-Carboniferous 
folding,  been  bent  into  a  complex  series  of  folds  (Figs.  56  and  57), 


Fio.  56.  —  Diagramatio  section  two  miles  long  extending  northwest  from  Martin's 
Creek,  N.  J.,  showing  overturned  folds.  0  and  1  =  Cambrian  dolomite;  2  and  3  = 
Lower  Trenton,  rocks  high  in  lime;  4  =  cement  rock,  Upper  Trenton,  averaging 
70  to  80  per  cent  CaCOs;  5= Upper  Trenton  cement  rock  with  less  than  70  per 
cent  CaCOs;  6= Hudson  River  slate.    {After  Peck^  Earn,  Geol.,  III.) 

whose  axes  trend  northeast  and  southwest,  and  while  the  folds  are 
in  many  cases  overturned,  there  is  comparatively  little  faulting. 

The  cement  rock  extends  as  a  continuous  zone  or  belt  of  varying 
width  southwest  across  Northampton  Coimty  from  the  Delaware  to 
the  Lehigh  River  (Fig.  55),  crosses  into  Lehigh  County,  and  ends 
abruptly  at  a.point  four  and  a  half  miles  west  of  Coplay. 


Fig.  57.  —  Diagramatic  section  five  miles  long  extending  northwest  from  Catasau- 
quo.     Numbers  same  as  in  Fig.  56.     (After  Peck,  Econ.  Oeol.,  III.) 
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The  same  beds  are  found  in  the  adjacent  territory  of  New 
Jersey  (38). 

Other  Staies.  —  In  the  eastern  half  of  New  York  (43)  the  Ordovi- 
cian  and  Silurian  limestones  fonn  an  inexhaustible  supply  of  ma- 
terial to  mix  with  Pleistocene  surface  clays.  In  the  south  central 
part  of  New  York  the  Tully  limestone  and  Hamilton  shales  are 
employed,  while  in  the  central  and  southwestern  portion  beds  of  ' 
marl  (PI,  XIX,  Fig,  2),  associated  with  surface  clays,  are  utilized. 


Ohio  (46,  47),  Indiana  (18-21),  and  Michigan  (34-36)  are  im- 
portant Portland  cement  producing  states.  The '  abundance  of 
marl  and  Pleistocene  clays  makes  them  the  favorite  materials,  not- 
withstanding the  fact  that  beds  of  Paleozoic  limestones  occur  in 
each  of  the  states.  Marl,  although  especially  abundant  in  Michi- 
gan, is  found  in  many  states  lying  east  of  the  Mississippi  and  north 
of  the  terminal  moraine.  It  is  precipitated  from  -the  waters  of 
ponds  through  the  agency  of  minute  plants,  especially  Ckara  (35). 

In  Kansas  Carboniferous  shales  and  limestones  are  used  for 
making  Portland  cement  (25,  26,  28),  and  in  Texas  and  Arkansas 
the  Cretaceous  shales  and  chalky  Umestones  are  employed  (13, 14, 
63);  Alabama  has  a  Cretaceous  limestone  of  such  composition  that 
very  little  clay  or  shale  has  to  be  added  to  it  (12).  Portland  cement 
is  also  manufactured  in  North  Dakota  (53),  South  Dakota  (51), 


Plate  XIX 


Fto.  2. —  Marl  pit  al 
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Utah  (63),  Colorado 
(53),  and  California 
(15,  63). 

Uses  of  Lime 
(43,2).  — The  most 
important  single 
use  of  lime  is  for 
mixing  with  sand  to 
form  mortar,  and 
many  thousands  of 
tons  are  used  an- 
nually for  this  pur- 
pose. In  addition 
to  this  use  lime  is 
employed  for  a 
great  variety  of 
purposes,  of  which 
the  following  are 
the  most  impor- 
tant: as  a  purifier 
in  basic  steel  man- 
ufacture; in  the 
manufacture  of  re- 
fractory bricks,  am- 
monium sulphate, 
soap,  bone  ash,  gas, 
potassium  dichro- 
mate,  paper,  pot- 
tery glazes,  and 
calcium  carbide;  as 
a  disinfectant;  as  a 
fertilizer;  as  a  pol- 
ishing material;  for 
dehydrating  alco- 
hol, preserving  eggs, 
and  in  tanning.    ' 

Uses  of  Cement 
(2,5):  — The  use  of 
hydraulic  cement  is 
constantly  increas- 
ing in  the  United 
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States,  this  being  specially  true  of  Portland  cement,  which  is  super- 
seding natural  cement  to  a  great  extent,  and  is  finding  an  increas- 
ing use  in  building  and  engineering  operations.  For  pavements, 
Portland  cement  is  probably  more  extensively  used  in  America  than 
in  any  other  country;  and  as  an  ingredient  of  concrete  it  is 
widely  employed.  Blocks  weighing  as  much  as  65  to  70  tons 
have  been  made  for  harbor  improvements  at  New  York  City  (5). 

Production  of  Cement.  —  The  following  tables  give  the  produc- 
tion of  natural-rock  and  Portland  cement.  Those  given  for  the 
latter  cover  a  greater  period  than  those  of  the  former,  and  are 
grouped  with  figures  of  import  and  consumption  in  order  to  show 
more  clearly  the  tremendous  growth  of  the  American  Portland 
cement  industry. 

The  diagram  (Fig.  59)  shows  most  clearly  the  remarkable  in- 
crease in  the  production  of  Portland  cement,  and  the  rapid  decrease 
in  the  natural  cement  production,  the  latter  being  now  of  small  im- 
portance in  the  cement  industry. 

Prqductiqn  op  Portland  Cement  by  States,  in  1908 


Statb 


Pennsylvania 
Indiana     . 
Kansaa 
niinois .     . 
New  Jersey 
Michigan  . 
Missouri    . 
California . 
Washington 
New  York 
Ohio      .     . 
Iowa     .     . 
Kentucky 
Tennessee 


Pro- 

DUCINQ 

Plants 


17 

7 
7 
5 
3 
15 
4 


i) 


7 
8 
1 
1 
1 


QUANTTTT 

(barrels) 


18.254.806 
6.478.165 
3.854.603 
3.211.168 
3.208.446 
2,892.576 
2.929.504 

2.480.100 

1.988.874 
1.521.764 

1,205,251 


Valitb 


$13,899,807 
5.386,563 
2,874,467 
2,707.044 
2.416.009 
2.556,215 
2,571.236 

3.268.196 

1.813.623 
1.305,210 

1,176,499 


Statb 


Texas    .     . 
Oklahoma 

South  Dakota 
Colorado    . 

Ariaona 
Utah      .     . 

Maryland  . 

Virginia 

Massachusetts 

Alabama  «. 
Georgia 


Pro- 
ducing 
Plants 


2 
2 


I  ] 
I  } 


1 
1 
1 

2 


98 


f  } 


Quantity 
(barrels) 


917,977 
809.306 
507.603 

602.225 
310.244 


51,072,612 


Valub 


$  924,039 

1.067.433 

805,235 

511.118 
274.995 


43.547.679 


This  is  perhaps  hardly  a  fair  year  to  take,  as  nearly  all  mineral 
industries  showed  a  falling  off,  owing  to  the  business  depression  of 
1907-1908.  Portland  cement,  however,  showed  a  slight  increase  in 
the  quantity  of  production. 

Production  op  Pozzuolan  Cement  in  the  United  States,  1904-1908 


Ybab 

Quantity 
(barrels) 

Valus 

Year 

Quantity 
(barrels) 

Value 

1904 

1905 

1906 

303,045 
382,447 
481,224 

$226,651 
272,614 
412,921 

1907  .... 

1908  .... 

557.252 
151,451 

$443,998 
95,468 
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CHAPTER  VI 

SALINES  AND  ASSOCIATED  SUBSTANCES 

Under  this  heading  are  included  Salt,  Borax,  Sodium  Sulphate, 
Sodium  Carbonate,  and  Sodium  Nitrate.  Bromine  and  calcium 
chloride,  being  regardable  as  by-products  from  salt  brines,  are  re- 
ferred to  under  Salt.     Iodine  is  described  under  Sodium  Nitrate. 


SALT 

Types  of  Occurrence.  —  Common  salt,  the  chloride  of  sodium 
(NaCl),  is  a  widely  distributed  mineral,  being  found:  (1)  in  solution 
in  sea  water  or  salt  lakes;  (2)  as  solid  masses  termed  rock  salt; 
(3)  as  natural  brine  in  cavities  or  pores  of  the  rocks,  from  which  it 
may  exude  as  salt  springs  or  be  tapped  by  wells;  and  (4)  in  marshes 
and  soils. 

Although  all  four  of  these  types  of  occurrence  may  serve  as  com- 
mercial sources  of  salt,  it  is  only  the  second  that  is  of  great  economic 
importance. 

Occurrences  of  Salt  in  Sea  and  Lake  Waters. — Salt  is  present  in 
all  ocean  water,  and  also  in  that  of  most  inland  lakes  or  seas  having 
no  outlet.  As  can  be  seen  from  the  following  analyses,  the  percent- 
age of  salt  is  greater  in  some  salt  lakes  than  in  the  ocean:  — 
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Salt  is  sometimes  obtained  by  artificial  evaporation  from  both 
the  ocean  and  salt  lakes;  but  in  the  United  States  this  plan  is  prof- 
itable only  under  exceptional  conditions,  as  around  San  Francisco 
Bay,  California  (8),  or  Great  Salt  Lake,  Utah. 

Rock  Salt.  —  Rock  salt,  which  is  the  most  important  source  of 
commercial  salt,  occurs  commonly  in  layers  of  variable  thickness 
and  purity  embedded  with  sedimentary  rocks,  such  as  shales  or 
sandstones.  It  is  frequently  associated  with  gypsum,  and  less 
commonly  with  limestone,  or  easily  soluble  compounds  of  magnesia, 
potash,  and  lime.  Less  often,  the  rock  salt  is  found  in  domelike 
masses  in  stratified  rocks,  but  not  conformable  with  them.  Rock 
salt  deposits  vary  in  thickness  from  a  few  inches  up  to  as  much  as 
3600  feet  (Sperenberg,  Germany) ;  and  while  found  in  all  geological 
formations  from  the  Cambrian  to  the  Pleistocene,  except  the  Creta- 
ceous, the  rock  salt  of  the  United  States  is  not  found  in  formations 
older  than  the  Upper  Silurian. 

Origin  of  Rock  Salt  (1,  5). — One  of  the  interesting  problems  of 
geology  has  been  to  find  a  correct  theory  to  account  for  the  origin 
of  salt  deposits.  Such  a  problem  is  not  as  simple  as  it  may  appear 
at  first  sight,  for  it  must  explain  (1)  the  formation  of  salt  deposits 
of  extraordinary  thickness,  (2)  the  association  of  gypsmn,  either 
above  or  below  the  salt,  and  (3)  the  presence  of  other  minerals, 
which  may  or  may  not  be  saline  ones. 

Evaporation  Theory.  —  It  is  generally  believed  that  most  rock 
salt,  or  rock  salt  and  gypsum,  deposits  have  been  formed  by  the 
evaporation  of  oceans  and  lakes,  this  process  having  gone  on  during 
a  number  of  periods  from  the  Silurian  to  the  present. 

Now  in  the  evaporation  of  a  body  of  sea  water  having  a  composi- 
tion similar  to  that  of  the  present  ocean,  the  order  of  precipitation 
would  be  (1)  iron  hydroxide,  (2)  lime  carbonate,  (3)  calcium  sul- 
phate, (4)  sodium  chloride,  (5)  easily  soluble  compounds,  such  as 
sulphates  and  chlorides  of  potash  and  magnesia,  etc.,  these  being 
often  of  quite  complex  composition. 

In  such  a  series,  of  course,  the  periods  of  deposition  are 
not  sharply  separated,  but  overlap  somewhat  as  shown  by 
Usiglio. 

Simple  as  the  phenomena  of  concentration  of  sea  water  appear, 
they  yet  may  be  complex,  and  it  is  possible  as  wqU  as  probable  that 
the  order  of  precipitation  is  not  always  according  to  order  of  solu- 
bility, this  being  governed  to  some  extent  at  least  by  other  salts 
present,  degree  of  concentration,  and  temperature. 
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There  are  few  places  where  a  complete  section  can  be  found,  and  the 
most  nearly  perfect  one  is  that  at  Stassfurt  in  Prussia,  where  more  than 
thirty  saline  minerals  are  known  to  occur. 

The  section  there,  beginning  at  the  top,  is  given  below,  and  it  will  be  seen 
there  that  in  the  upper  part  of  the  section  (especially  Nos.  2-5),  the  order  of 
precipitation  is  not  exactly  according  to  the  order  of  solubility  of  the  differ- 
ent salts. 

1.  Permian  (?)  sandstones  and  shales. 

2.  Gypsum  and  anhydrite  of  variable  thickness. 

3.  Younger  rock  salt,  thickness  variable.     Sometimes  absent. 

4.  Anhydrite.'     From  30  to  80  meters  thick.     Rarely  absent. 

5.  Salt  clay.     Averages  5  to  10  meters. .    Occasionally  absent. 

6.  Potash  salts  (Camallite,  KCl,  MgCl2,6  H2O),  15  to  40  meters  thick. 
Always  mixed  with  kieserite  and  rock  salt. 

7.  Kieserite  (MgS04,  H20)  zone.  Same  thickness  as  preceding,  and 
containing  layers  of  rock  salt. 

8.  Polyhalite zone  (K2SO4,  MgS04, 2  CaSOo,  2  H2O).  About  60meters 
thick,  and  consisting  of  alternating  layers  of  rock  salt  and  polyhalite. 

9.  Older  rock  salt  and  anhydrite.  The  anhydrite  forms  layers  in  the 
salt  averaging  7  centimeters  in  thickness,  and  thought  by  some  to  represent 
annual  deposits,  caused  by  seasonal  temperature  variations,  or  alternating 
dry  and  rainy  periods. 

10.  Anhydrite  and  gypsimi. 

Where  layers  of  clay  or  shale  occur  between  the  beds  of  salt  or  gypsum, 
they  may  represent  sediment  washed  in  during  the  period  of  precipitation, 
the  influx  of  fresh  water  carrying  this  sediment  being  sufficient  to  dilute 
the  brine,  and  temporarily  arrest  the  deposition  of  the  salines. 

Deposits  of  gypsum  alone  may  be  accounted  for  by  assiuning 
that  the  concentration  did  not  proceed  far  enough  to  precipitate 
the  less  soluble  substances,  or  if  deposited  they  may  have  been 
subsequently  removed  by  solution  in  underground  waters.  The 
theory  that  the  oceans  of  other  periods  had  a  different  composition 
from  the  modern  one  might  likewise  account  for  beds  of  salt  or 
gypsum  alone.  Some  thin  deposits  of  salt  may  have  been  formed 
by  simple  evaporation,  and  it  is  well  known  that  salt  is  deposited  in 
the  course  of  evaporation  of  inland  seas,  such  as  the  Dead  Sea. 

The  great  thickness  of  many  salt  deposits  is,  however,  not  so  satis- 
factorily explainable;  as  it  can  be  easily  seen  that  in  order  to  pro- 
duce even  a  15-foot  bed  of  salt,  would  require  the  evaporation  of  an 
ocean  of  enormous  depth,  assuming  its  salinity  to  be  anything  like 
the  present  one. 

Bar  Theory,  —  This  theory,  which  seeks  to  explain  the  origin  of 
salt  deposits  of  great  thickness,  was  first  suggested  by  G.  Bischof,* 

'  For  origin  of  anhydrite  see  under  Gypsum. 

*  Allgemeine  Chemische  u.  Physikaliscbe  Geologie,  II:  48,  1864. 
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and  later  elaborated  by  Ochseniiis  (1, 4) .  It  assumes  a  barrier  partly 
shutting  out  the  ocean  water.  Evaporation  on  the  inclosed  area 
of  the  sea  exceeds  the  supply  of  water  from  inflowing  rivers  and 
from  the  open  ocean.  Therefore  the  water  on  the  surface  of  the  sea 
becomes  more  dense  and  settles  to  the  bottom  of  the  basin,  being 
prevented  from  escape  into  the  open  ocean  by  the  barriers  at  the 
entrance.  As  the  surface  of  the  bay  is  lowered  by  evaporation, 
ocean  waters  enter,  furnishing  a  constant  supply  of  salt.  If  the 
barrier  is  complete,  forming  a  bar,  sea  water  may  enter  only  at 
times  of  high  tide  or  storm.  Eventually  evaporation  will  so  con- 
centrate the  solution  in  the  bay  as  to  cause  the  precipitation  of 
sodium  chloride  and  other  salts.  So  long  as  these  conditions  lasted, 
salt  would  be  precipitated,  but  beds  of  clayey  material  would  be  de- 
posited wherever  fine-grained  sediment  was  supplied  from  the  land. 


5  6  7  8 

Fio.  60.  —  Figures  representing  the  origin  of  dome  structure  by  crystalline  growth. 

{After  Harrist  Earn.  Oeol.,  IV.) 

Dome  Theory  (Fig.  60).  —  In  Louisiana  and  Texas  as  well  as 
some  other  localities,  there  are  found  great  domelike  masses  of 
rock  salt,  accompanied  at  times  by  gypsum,  limestone,  and  even 
sulphur.  G.  D.  Harris  (6)  believes  they  have  been  formed  as  fol- 
lows: Heated  waters  coming  up  through  underlying  formations 
have  become  saturated  with  salt  from  deposits  occurring  in  them. 
These  waters  found  a  pathway  in  fissures  related  to  the  differential 
uplifting  of  the  rocks  in  the  Mississippi  embayment,  and  marking 
the  position  of  anticlines.  Cooling  of  the  uprising  solutions  caused 
them  to  deposit  the  salt  in  these  fissures.  It  is  thought  that  the 
force  exerted  by  the  crystallizing  salt  was  suflScient  to  lift  up  the 
overljdng  Tertiary  and  Quaternary  beds,  as  the  accumulation 
went  on.  These  cores  of  salt  have  been  pushed  up  through  Cre- 
taceous, Eocene,  and  even  Quaternary  strata. 
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Natural  Brines.  —  These,  sometimes  found  in  porous  layers  of 
the  rocks,  may  result  either  from  sea  water  imprisoned  in  the  layers 
of  sediment  or  from  the  solution  of  rock  salt  by  percolating  waters. 

Salt  Marshes  and  Soils.  —  When  away  from  the  ocean,  these  owe 
their  salinity  to  the  infiltration  of  brine  from  neighboring  saliferous 
formations.     They  sometimes  represent  the  site  of  former  salt  lakes. 

Distribution  of  Salt  in  the  United  States. — Salt  deposits  are  found 
in  a  number  of  states,  as  shown  on  the  map.  Fig.  61,  but  nearly 
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Fig.  61.  —  Map  showing  distribution  of  salt-producing  areas  in  United  States,  com- 
piled from  various  geological  survey  reports. 

75  per  cent  of  the  production  in  1908  came  from  two  states,  New 
York  and  Michigan.  Most  of  the  domestic  production  is  obtained 
either  in  the  form  of  artificial  brine  obtained  by  forcing  water 
through  wells  to  the  salt,  which  is  then  brought  up  in  solution,  or  else 
as  rock  salt,  raised  through  shafts  from  underground  workings. 

The  range  of  geologic  age  of  the  United  States  deposits  is  shown 
in  the  following  table:  — 

Table  showing  Geologic  Distribution  of  Salt  in  the  United  States 


State 

California 
Kansas 
Louisiana 
Michigan 

New  York 
Ohio 


AOE 

Present 

Permian 

Tertiary 

Silurian 

Mississippian 

Silurian 

Silurian 

Mississippian 


Statb 

Oklahoma 

Pennsylvania 

Texas 

Utah 

Virginia 

West  Virginia 


Aoa 

Permian  (?) 
Carboniferous 
Cretaceous 
Recent 
Mississippian 
Middle  Carboniferous 
(Pottsville) 


Fio.  I.  —  Interior  view  of  salt  nuoe,  Livonia,  N.  Y,     Both  roof  and  pillar 


Fiu.  2,  —  Borau  mine  rear  Daggett.  Cal,      {Fholo.  loaned  by  G.  P.  McrriU.) 
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New  York  (15).  —  Salt  was  manufactured  from  brine  springs  at 
Onondaga  Lake  as  early  as  in  1788;  but  the  presence  of  rock  salt 
beds  was  not  suspected  until  1878,  when  a  bed  seventy  feet  thick 
was  struck  in  drilling  for  petroleum  in  Wyoming  County.  Since 
then  the  development  of  the  salt  industry  has  been  so  rapid  that 
for  some  years  New  York  has  been  one  of  the  two  leading  salt- 
producing  states. 

The  salt  occurs  in  lenticular  masses  interbedded  with  soft  shales 
of  the  Salina  series  (Fig.  62),  which  also  carry  gypsum  deposits. 
The  outcrop  of  the  formation  coincides  approximately  with  the 
line  of  the  New  York  Central  Railroad,  but  owing  to  its  soluble 
character,  no  salt  is  found  along  the  outcrops.  The  beds  dip  south- 
ward from  25  to  40  feet  per  mile,  so  that  the  depth  of  the  salt  be- 
neath the  surface  increases  in  this  direction. 

At  Ithaoa,  salt  is  struck  at  2244  feet,  and  there  are  seven  beds.  The  thick- 
ness of  the  individual  beds  varies,  but  the  greatest  known  thickness  is  in  a 
well  near  Tully,  where  325  feet  of  solid  salt  was  bored  through.  Recently  salt 
has  been  struck  by  a  deep  boring  in  the  oil  field  of  southwestern  New  York 
at  a  depth  of  about  3000  feet.  Though  most  of  the  New  York  product  is 
obtained  from  artificial  brines,  a  small  quantity  is  mined  by  shafts. 

Michigan  (13).  —  Salt  in  Michigan  is  obtained  both  from  natural 
brines  and  from  brines  obtained  by  dissolving  rock  salt,  as  in  New 
York.  The  natural  brines  occur  in  the  sandstones  of  the  Mississip- 
pian,  the  most  important  locaUty  being  in  the  Saginaw  Valley,  where 
the  brines  are  found  in  the  Napoleon  or  Upper  Marshall  sandstone. 
They  are  remarkable  for  the  large  amount  of  bromine  contained, 
more  than  half  the  bromine  produced  in  the  United  States  being 
obtained  here.  The  vast  beds  of  rock  salt  which  occur  in  the  Salina 
(Monroe)  are  exploited  along  the  Detroit  and  St.  Clair  rivers  and  at 
Manistee  and  Ludington.  The  salt  is  dissolved  by  lake  water 
pmnped  down  and  then  re-evaporated,  and  soda  ash  (sodium  car- 
bonate) is  made  from  the  salt  to  a  very  great  extent,  by  forced 
reaction  with  calcium  carbonate.* 

Ohio  (16).  —  Natural  brines  are  obtained  from  the  "Big  Salt 
Sand  "  (Mississippian)  at  Pomeroy,  Meigs  County,  but  the  profit 
in  pmnping  them  lies  in  the  bromine  and  calcium  chloride  which 
they  contain.  In  northeastern  Ohio  the  wells  pierce  a  bed  of  rock 
salt  in  the  SaUna  (Silurian),  which  is  148  feet  thick  and  interbedded 
with  limestones  and  shales.  The  wells  are  about  1900  feet  deep  at 
Cleveland  and  2800  feet  at  Kenmore,  Summit  County. 

1  Private  communications  from  Dr.  A.  C.  Lane. 
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The  two  following  analyses  are  of  interest,  partly  on  account 
of  their  completeness.  The  absence  of  sulphate  in  the  first  is 
noticeable. 

Analyses  of  Ohio  Brines 


Gbams  pbb  Litbb 

I 

II 

Si02       

.012 
.083 

14.340 
5.59 

84.3 
.114 
.155 
.343 
.004 
.000 
.000 
tr. 
1.075 

.000 

PeaOB,  AI2O8 

CaCl2 

.000 
1.033 

MgCls 

NaCl 

.462 
310.977 

KCl ^  .     . 

.713 

MgBra 

BaCl2 

Nal 

.012 
.000 
.000 

SrCh 

.089 

CaSO* 

Ld02 

4.857 
tr. 

Sp.gr 

1.204 

I.  Natural  brine,  Pomeroy,  O.     II.  Artificial  brine,  Cleveland,  O. 

Virginia  (23).  —  Salt,  associated  with  gypsum,  is  obtained  by  wells 
from  the   Misaissippian   shaly    limestones   in   the    Holston   Valley   near 
Plasterco,  Washington  County  (Fig.  63).     Part  of  the  product  is  marketed 
as  salt,  and  the  bal- 
ance is  used  in  the     Kl  .| 
manufacture   of  al- 
kali (22).     The  geol- 
ogy  is    referred    to 
under     Gypsum 
(p.  183). 

West  Virginia 
(24).  —  Brine  is.  ob- 
tained from  the  Car- 
boniferous (Potts- 
ville)  and  Mississippian  (Berea)  in  that  portion  of  the  state  adjoining  the 
Meigs  County  salt  district  of  Ohio. 

Pennsylvania  supplies  similar  brines. 

Kanms  (9).  —  Salt  is  found  in  this  state  under  the  following 
conditions:  (1)  in  the  northern  and  central  parts  of  Kansas  as 
brine  in  salt  marshes  derived  by  leaching  from  the  saliferous  Dakota 
shales;   (2)  a  limited  amount  in  eastern  Kansas  from  wells  sunk  in 


Fig.  63.  —  Section  across  Holston  and  Saltville  valleys, 
midway  between  Saltville  and  Plasterco,  Va.  {After 
Eckel,  U.  S.  Oeol.  Surv.,  BuU.  223.) 
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the  Carboniferous;  (3)  in  the  Permian  of  south  central  Kansas  as 
beds  of  rock  salt  (Fig.  64).  At  the  present  time  the  rock  salt  is  the 
most  important  commercial  source,  being  obtained  in  part  as  arti- 
ficial brines  and  in  part  as  rock  salt.  The  ttiickness  of  the  salt 
varies,  the  greatest  aggregate  thickness  recorded  in  any  well  being 
324  feet.    The  deposits  thin  out  to  the  eastward,  and  the  north  and 


south  limits  are  f^rly  well  known,  but  the  western  boundary  re- 
mains undefined.  The  absence  of  gypsum  in  close  association  with 
the  salt  is  a  significant  fact,  but  farther  south  it  is  found  at  a  lower 
horizon,  and  the  separation  of  the  two  is  explained  by  a  shifting  sea 
bottom,  during  depo^tion. 

Louisiana  {10,  H,  12).  —  Brine  occurs  in  springs  and  wells  in  the 
Cretaceous  area  of  northern  Louisiana,  but  the  most  important  source 
of  salt  is  in  the  exten- 
sive beds  of  rock  salt 
found  in  the  southern 
portion  of  the  state. 
These  underUe  a  series 
of  low  knolls,  called  the 
Five  Islands  (Fig.  65), 
and  are  covered  by  a 
series  of  clay,  sand,  and 
gravel  beds.  The  salt 
occurs  as  great  dome- 
like masses  which 
Harris  thinks  have  been 
pushed  up  into  Creta- 
ceous, Tertiary,  and 
Quaternary  beds 
Fio.65.  — MapHhowingloenUonof  PeUteAnseand  (P- 161).  Salt  is  mined 
other"Baltialanda,"LouiBiiuia.   (After Pomeroji.)         on      Grande     C6te     or 
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Weeks  Island  and  also  on  Avery  Island.  The  age  of  the  salt  beds  is 
pre-Pleistocene.  Although  the  amount  of  rock  salt  present  is 
evidently  great,  borings  in  one  case  reveahng  a  thickness  of  1756 
feet  of  solid  salt,  these  depodts  yield  but  a  small  percentage  of 
the  country's  output. 

Other  Wettem  States.  —  In  California  the  main  supply  of  salt  is  obtained 
by  evaporating  sea  water  (8),  an  elaborate  system  of  ponds,  oovering  thou- 
sands of  acres,  having  been  built  on  San  Francisco  Bay.  These  are  filled 
at  high  tide,  and  the  brine  evaporated  by  solar  heat,  although  artifioial  beat 
is  used  at  some  of  the  plants.  A  remarkable  deposit  of  salt  has  been  vorked 
at  Salton  Lake.     This  is  a  depression  27  miles  long,  3i  to  9  miles  wide,  and 


^  '■™ii:::r:=^ 


at  its  lowest  point  280  feet  below  sea  level.  The  deposit  is  formed  by  evapo- 
ration of  the  lake  waters,  which  are  fed  by  saline  springs  from  the  surround- 
ing foothills.  The  salt,  which  has  accumulated  to  a  depth  of  6  inches,  is 
gathered  by  scrapers.  Salt  is  also  found  in  marshes,  springs,  or  weUs  in  a 
number  of  other  localities  in  California  (R). 

In  Idaho  brine  salt  is  obtained  in  Bear  Lake  and  Bannock  counties, 
near  the  Wyomii^  Uae;  some  also  is  produced  in  Churchill  and  Washoe 
counties,  Nevada,  Torrance  County.  New  Mexico,  and  from  saline  lakes 
in  several  parts  of  Texas.  Rock  salt  has  been  found  at  several  localities  in 
Texas,  notably  in  MitcheU  County,  and  under  the  oil  beds  at  Beaumont, 
but  none  is  yet  produced. 

In  Utah,  some  salt  is  obtained  by  evaporating  the  waters  of  Oreat  Salt 
Lake  (21),  and  brines  from  several  other  localities.  An  enormous  deposit 
of  pure  salt  is  reported  from  the  west  side  of  the  Utah  desert,  near  the 
Nevada  state  line.' 

Throughout  the  Red  Beds  area  of  western  Oklahama,  and  in  parts  of 
eastern  Oklahoma,  there  are  numerous  salt  springs  and  seepages,  but  Fer- 
guson is  the  only  locality  of  importance  where  salt  is  mode  (18). 

I  U.  S.  Geol  Surv.,  Min.  Res.,  1908. 
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Analyses  of  salt. — 

Analyses  op  Rock  Salt  from  Various  Localitieb 


LOGALITT 


Retsof,  N.  Y.  .    . 
Pearl  Creek,  N.  Y. 
Petite  Anse,  La. . 
Saltville,  Va.    .    . 


H 
O 

i2o 


98.701 
96.885 
98.90 
99.084 


oo 


Tr. 
.157 
.146 
Tr. 


5h 


So 


OOQ 


.103 
.022 


.446 
.437 
.838 
.446 


.743 
1.21 
.014 
.47 


a 


Tr. 

1.21 

.08 


Adthoritt 


F.  E.  Englehardt 
F.  E.  Englehardt 
P.  Collier 
C.  B.  Hay  den 


Analyses   op  Solid   '. 

Matter   op   Brines 

PROM   Various   Localities 

LOCALITT 

Sodium 
Chloride 

Calcium 
Chloride 

Magnesium 
Chloride 

Calcium 
Sulphate 

k 

Alumina, 

SiucA,  Iron 

Percentaoe 
Solids  in 
Brine 

Specific 
Gravitt  op 
Brine 

Authoritt 

Warsaw,  N.  Y. 

97.60 

.51 

.20 

1.68 

26.34 

1.204 

Englehardt 

Syracuse,  N.Y. 

95.966 

.90 

.69 

2.54 

.004 

18.50 

1.142 

G.  H.  Cook 

Sagiaaw,  Mich. 

82.14 

12.39 

5.01 

.46 

— 

21.32 

— 

C.  A.  Goessman 

Bay  aty,  Mich. 

91.95 

3.19 

2.48 

2.39 

16.61 

— 

C.  A.  Goessman 

Kanawha,  W.  Va. 

79.45 

16.48 

4.07 

9.20 

1.073 

G.  H.  Cook 

Pittsburg,  Pa. 

81.27 

13.93 

4.80 

2.80 

1.019 

G.  H.  Cook 

Salt\Tlle,  Va. 

97.792 

.033 

— 

2.17 

Tr. 

24.60 

C.  B.  Hayden 

Great  Salt  Tiake 

98.10 

.322 

.000 

.364 

.021 

.214 

— 

J.  E.  Talmadge 

Extraction.  —  When  salt  forms  underground  deposits,  it  has  to 
be  extracted  either  by  a  process  of  solution  or  mining.  In  the 
former  case  ^v^ater  is  forced  down  to  the  salt  bed  through  a  well,  for 
the  purpose  of  dissolving  the  salt,  the  brine  being  brought  to  the 
surface  and  evaporated,  sometimes  by  solar  heat,  but  more  com- 
monly by  artificial  means.  In  the  latter  case  a  shaft  is  sunk  to  the 
salt  bed,  and  the  material  mined  like  coal  and  brought  to  the  sur- 
face in  lumps,  known  as  rock  salt.  Natural  brines  are  pumped  to 
the  surface  for  evaporation.  In  the  evaporation  of  brine  care  has 
to  be  taken  to  separate  the  gypsum  and  other  soluble  impurities 
present,  which  precipitate  before  the  salt  does. 

Uses.  —  Salt  is  largely  used  in  the  meat-packing  business  and 
the  manufacture  of  dairy  products,  as  well  as  for  domestic  purposes. 
Therefore  a  number  of  different  grades  are  called  for,  known  under 
various  names,  such  as  table,  dairy,  common,  fine,  packers,  solar, 
rock,  milling,  etc.  Large  quantities  of  salt  are  also  consumed  in 
the  manufacture  of  soda  ash,  sodium  carbonate,  caustic  soda,  and 
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other  sodium  salts.    The  chlorination  of  gold  ores  calls  for  an  ad- 
ditional large  amount. 

Production  of  Salt.  —  The  increase  in  the  amount  of  salt  pro- 
duced has  been  very  marked,  but  it  has  been  accompanied  by  a 
decrease  in  price,  as  shown  in  the  statistics  given  below:  — 


Production  op  Salt  in  United  States  from  1880  to  1900 


Ybab 

*  Barrels 

Valub 

Year 

Barrbls 

Valuh 

1880 

1885 

1890 

5.961.060 
7,038,653 
8.876,991 

$4,828,566 
4.825,345 
4.752,286 

1896      .... 
x«m\/      •     >     •     * 
1905      .... 

13,699,649 
20.869.342 
25,966.122 

$4,423,084 
6.944,603 
6.095,922 

Production  of  Salt  by  States  from  1904  to  1908,  in  Barrels 


State 

1904 

1905 

1906 

Quantity 

Value 

Quantity 

Value 

QuANTrrr 

Value 

New  York  .    .    . 
Michigan    .    .    . 

Ohio 

Kansas  .... 
Louisiana   .    .    . 
California  .    .    . 
West  Virginia     . 
Texas     .... 

Utah 

Idaho     .... 
Nevada  .... 
Oklahoma  .    .    . 
Other  States  .    . 

8,600,656 

5,425.904 

2.455.829 

2.161.819 

1,095.850 

821.557 

575,000 

376.695 

253.829 

1 

1 

1 

262.863 

$2,101,568 
1.579,206 
478.523 
717.101 
320,000 
205,435 
66,470 
149.246 

321.301 

1 

1 
1 

82.372 

8.359.121 

9.492.173 

2.526.558 

2.098,585 

1.055,186 

664.099 

202.151 

444.832 

177.342 

1 

1 
1 

•  946,075 

$2,167,931 

1.851.332 

565.946 

576.139 

303.507 

188,330 

74,063 

142.993 

135.465 
1 

1 

1 

90.216 

8.978.630 

9.936.802 

3.236.785 

2.198.837 

1.179,528 

806,788 

200.055 

360,733 

262.212 

1.574 

11.249 

9.893 

»  989,294 

$2,098,686 

2,018,760 

789,237 

681,022 

268,005 

291,528 

57,584 

170,559 

169,635 

1.867 

6.420 

4.965 

100.082 

Total  .... 

22.030.002 

$6,021,222 

25.966.122 

$6,095,922 

28.172.380 

$6,658,350 

Atatb 

1907 

1908 

QuANTmr 

Value 

Quantity 

Value 

New  York  .    .    . 
Michigan    .    .    . 

Ohio 

Kansas  .... 
Louisiana   .    .    . 
California  .    .    . 
West  Virginia     . 
Texas     .... 

Utah 

Idaho     .    .    .    . 
Nevada  .... 
Oklahoma  .    .    . 
Other  States  .    . 

9.642.178 

10.786.630 

3.851.243 

2.667.459 

1,157,621 

626.693 

166.147 

356.086 

345,557 

1.600 

6.457 

800 

*  105,657 

$2.3.35.150 

2.231,129 

979,078 

962.334 

226,892 

302,940 

76,527 

226.540 

199.779 

2.040 

3,654 

910 

61,35r) 

9.076,743 

10,194.279 

3.427.478 

2,588.814 

947,129 

899.028 

145,157 

442.571 

242,678 

1,114 

9.714 
1 

»  847.357 

$2,136,738 

2,458,303 

864.710 

882.984 

249.733 

374.828 

70.481 

255,652 

169.833 

1,413 

4,T85 

1 

84.172 

Total  .... 

29.704.128 

$7,608,323 

28,822.062 

$7,553,632 

^  Included  in  other  States. 

'  Virginia,  Pennsylvania,  Oklahoma.  Nevada,  New  Mexico.  Massachusetts,  and  Idaho. 

*  Indudes  Virginia.  Pennsylvania.  New  Mexico,  and  Massachusetts. 

*  Includes  Pennsylvania.  New  Mexico,  and  Massachusetts. 

*  Includes  New  Mexico,  Oklahoma,  Pennsylvania,  and  Virginia. 
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The  exports  in  1908  were  53,253,739  lb.,  valued  at  $202,338, 
smaller  than  for  several  years.  The  imports  for  the  same  year 
amounted  to  319,285,638  lb.,  valued  at  $444,690,  this  being  less 
than  any  year  since  1902. 

World's  Production  op  Salt  for  Last  Year  Available 


COUNTBY 


United  States  (1907)     .     .     . 
United  Kingdom  (1907)     .     . 
France  and  Algeria  (1907) 
German  Empire  (1907)      .     . 

Japan  (1904) 

Italy  (1907) ^ 

Austria-Hungary  (1907)    .     . 

Russia  (1903) 

Spain  (1906) 

India  (1906) 

Canada  (1907) 

Other  countries  (1907)  .     .     . 

Total 


Short  Tons 

Value 

4,158,578 

S7,608.323 

2,222,236 

3,157,094 

1,373,906 

3,823,523 

2,150,587 

5,319,273 

773,776 

4,852,049 

5.566,615 

1,075,203 

435.409 

9,764,835 

1,828,646 

3,652,074 

597,422 

782.407 

1,296.674 

1,916,092 

72,697 

342.315 

85,979 

57,900 

15.340.553 

$41,185,910 
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mins, Tex.  Geol.  Surv.,  2d  Ann.  Rept.  :  444,  1890.  (Northwest- 
em  Texas.)  20.  Richardson,  U.  S.  Geol.  Surv.,  Bull.  260  :  572,  1905. 
(Trans-Pecos  regions.)  —  Utah  :  21.  U.  S.  Geol.  Surv.,  Min.  Res., 
1888  :  605,  1890.  21  a.  Eckel,  U.  S.  Geol.  Surv.,  BuU.  225 :  488,  1904. 
—  Virginia:  22.  Eckel,  U.  S.  Geol.  Surv.,  BuU.  213:407,  1903. 
(S.  W.  Va.)  23.  Watson,  Min.  Res.  Va.,  Lynchburg,  1907.  (S. 
W.  Va.)  —  West  Virginia :  24.  Grimsley,  W.  Va.  Geol.  Surv.,  IV : 
286,  1909. 
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BROMINE 

Sources.  —  Bromine  occurs  in  nature  combined  with  some 
metals,  as  in  the  minerals  EmboUte,  Ag  (CI,  Br),  Bromyrite  (Ag  Br), 
and  lodobromite  (2  Ag  CI,  2  Ag  Br,  Ag  I),  which  theoretically  con- 
tain 25,  42.6,  and  17.8  per  cent  respectively  of  bromine.  None  of 
these  are  commercial  sources.  Sea  water  contains  about  .06  gram 
per  liter,  and  at  Stassfurt,  Germany,  the  mother  liquor  obtained 
from  salt  refining  contains  from  15  to  35  per  cent  bromine. 

In  the  United  States  bromine  is  extracted  from  natural  brines 
found  at  several  geological  horizons,  but  not  all  rock  brines  contain 
it,  some,  as  those  of  New  York  State,  being  very  low  in  it. 

At  the  present  time  Ohio,  West  Virginia,  Pennsylvania,  and 
Michigan  brines  are  used,  the  first  bromine  having  been  manufac- 
tured in  1846  at  Freeport,  Pennsylvania. 

At  Pomeroy  and  Syracuse,  Meigs  County,  Ohio,  and  at  Hartford 
and  Mason,  Mason  County,  West  Virginia,  it  is  obtained  as  a  by- 
product of  the  salt  industry,  the  brine  coming  from  the  Pottsville 
horizon  (Big  Salt  Sand). 

A  plant  has  been  operated  also  at  Pittsburg,  Pennsylvania,  ob- 
taining the  bromine  from  brines  in  the  Pocono  sandstone.  That 
manufactured  in  Michigan  comes  from  the  Marshall  sandstone  of 
the  Lower  Carboniferous,  the  brine  containing  from  .1  to  .3  per  cent 
bromine. 

Uses.  —  Bromine  is  used  for  making  bromides  of  potash,  soda, 
and  ammonia,  for  medicinal  purposes  and  photographic  reagents. 
A  small  amount  is  employed  in  the  preparation  of  coal-tar  colors 
known  as  Eosine  and  Hoffman's  Blue.  As  a  chemical  reagent,  it 
is  utilized  for  precipitating  manganese  from  acetic  acid  solutions, 
for  the  conversion  of  arsenious  into  arsenic  acid,  etc.  It  may  also 
be  used  as  a  disinfectant  when  dissolved  in  water,  and  has  been 
employed  in  gold  extraction. 

Production  of  Bromine 


Quantity 

P*RODUCnON 

m 
Pounds 

Valu» 

1 

1885 

310.000 

S89.900 

1890 

387,847 

104,719 

1891 

343,000 

54,880 

1895 

517,421 

134,343 

1900 

521,444 

140.790 

1901 

552,043 

154,572 

1 

Production 


1903 
1904 
1905 
1906 
1907 
1908 


QUANTTTT 
IN 

Pounds 


598.500 
897,100 
1,192,758 
1,283,250 
1.379.496 
1.055,636 


Valub 


167.580 
269.130 
178.914 
165.204 
195.281 
102.344 
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REFERENCES  OR  BROMIITB 

1.  Merrill,  U.  S.  Geol.  Surv.,  Min.  Res,  1904  :  1029,  1905.  2.  Lane,  Min. 
Indus.,  XVI :  123. 

SODIUM  SULPHATE 

Occurrence  and  Distribution. — The  hydrous  sulphate,  mirabilite 
or  Glauber  salt  (Na3!S04  +  lOHjO),  is  a  white  saline  material, 
which  is  collected  on  or  near  the  surface  of  some  alkaUne  marshes  in 
desert  regions.  It  may  also  be  extensively  deposited  in  some  saline 
lakes,  its  precipitation  preceding  that  of  salt,  and  being  affected 
more  or  less  by  the  season  of  the  year;  for  since  it  is  much  more 
soluble  in  warm  than  in  cold  water,  the  difference  in  temperature 
between  summer  and  winter  may  cause  its  separation  and  re-solu- 
tion (5).  The  phenomenon  has  been  noticed  in  Great  Salt  Lake 
(4).  Exposure  to  warm,  dry  air  causes  the  mirabiUte  to  lose  its 
water  and  change  to  thenardite. 

No  production  of  sodimn  sulphate  is  recorded  by  the  United 
States  Geological  Survey.  It  is  known  to  occur  at  several  localities 
in  Wyoming  (3).  Deposits  of  some  extent  have  also  been  noted  in 
the  lowest  portion  of  the  Carriso  Plain,  along  the  northeast  boundary 
of  San  Luis  Obispo  County,  California  (6).  In  this  lake,  which 
remains  practically  dry,  except  in  very  wet  seasons,  there  have  been 
deposited  a  series  of  saUne  beds,  whose  chief  constituent  is  sodium 
sulphate.  The  salt  has  been  derived  from  the  leaching  of  soft  beds 
of  conglomerate,  sandstone,  and  shale  in  the  surrounding  hills.  An 
analysis  of  the  salt  crust  yielded:  Insoluble,  .40;  AlsOs,  .04;  MgO, 
1.66;  CaO,  .45;  Na,0,  40.50;  K2O,  .28;  H2O,  3.65;  SOs,  46.12; 
CI,  9.27;  Total,  102.37;  less  oxygen,  2.09;  =  100.28.  The  superficial 
deposit  is  said  to  be  from  1  to  6  feet  in  depth,  and  is  underlain 
by  a  supersaturated  solution  of  the  sulphate  and  water.  Opera- 
tions looking  to  the  utiUzation  of  the  deposit  have  been -begun. 

REFERENCES  ON  SODmM  SULPHATE 

1.  Attfield,  Jour.  Soc.  Chem.  Ind.,  Jan.  31,  1895.  2.  Knight,  Min.  Indus., 
Ill  :  651,  1895.  3.  Knight,  Wyo.  Agric.  Exper.  Sta.,  Bull.  14,  1893. 
4.  Gilbert,  U.  S.  Geol.  Surv.,  Mon.  I  :  253,  1890.  5.  Clarke,  U.  S. 
Geol.  Surv.,  Bull.  330  :  186, 1908.  (General.)  6.  Arnold  and  Johnson, 
U.  S.  Geol.  Surv.,  BuU.  380,  1909  (Calif.). 
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SODIUM  CARBONATE 

Sodium  carbonate,  or  natural  soda,  is  obtained  by  the  evapora- 
tion of  the  waters  of  alkali  lakes,  or  is  found  as  a  deposit  on  or  near 
the  surface  of  alkaline  marshes  in  arid  regions.  It  is  usually  a 
mixture  of  sodiimi  carbonate  and  bicarbonate  in  varying  propor- 
tions, as  well  as  impurities  such  as  sodiimi  chloride,  sodium  sulphate, 
borax,  and  sodiimi  nitrate. 

Sodiimi  carbonate  has  been  obtained  from  Owens  Lake  in  Cali- 
fornia. An  analysis  of  the  waters  by  Chatard  yielded:  SiOs,  .220; 
FcOs,  A1,0«,  .038;  CaCOs,  .055;  MgCOs,  .479;  KCl,  3.137;  NaCl, 
29.415;  Na^SO*,  11.080;  Na^CO,,  26.963;  NaHCOs,  5.725.  The 
soda  is  purified  by  fractional  distillation.  Soda  is  also  known  to 
occur  in  Oregon  and  Nevada. 

REFERENCES  ON  SODIUM  CARBONATE 

1.  Bailey,  Calif.  State  Min.  Bur.,  Bull.  24  :  95,  1902.  2.  Chatard,  U.  S. 
Geol.  Surv.,  Bull.  60  :  27,  1888.  (Analyses.)  3.  Russell,  U.  S.  Geol. 
Surv.,  Mon.  XI  :  73,  1885.  4.  Clarke,  U.  S.  Geol.  Surv.,  Bull.  330  : 
189,  1908. 

SODA  NITER* 

Soda  niter,  or  Chile  saltpeter  (NaNOs,  with  63.5  per  cent  NajO* 
when  pure),  is  found  in  San  Bernardino  and  Inyo  counties,  Cali- 
fornia, along  the  shore  lines  marking  the  boundary  of  Death  Valley 
in  Eocene  times  (1).  It  occurs  in  peculiar  rounded  hills  of  Eocene 
clay,  the  niter  being  found  as  a  layer  near  the  surface  or  distributed 
through  the  clay.  Very  little  soda  niter  is  obtained  from  this 
source,  and  the  main  supply  of  this  country  continues  to  come  from 
Chile,  where  extensive  deposits  are  found  in  the  desert  region  west 
of  Iquique.  There  the  niter  {caliche)  forms  a  bed  6  to  12  feet  thick, 
under  a  cap  of  conglomerate  (coatra)  1  to  18  feet  thick.  The  origin 
of  this  deposit  is  interesting,  and  has  caused  considerable  discus- 
sion. One  theory  quite  generally  accepted  is  that  the  niter  was 
formed  primarily  by  the  slow  oxidation  in  air  of  guano  or  other 
nitrogenous  organic  matter  in  contact  with  alkali;  a  second  theory 
refers  its  origin  to  the  oxidation  of  organic  materials  and  ammonia, 
by  microscopic  organisms  known  as  nitrifying  germs. 

REFERENCES  OR  SODA  RITER 

1.  Bailey,  Calif.  State  Min.  Bur..  BuU.  24  :  139,  1902.  2.  Clarke,  U.  S. 
Geol.  Surv..  Bull.  330  :  205,  1908.  (Chemistry,  analyses,  origin.) 
3.  Penrose,  Jour.  Geol.  XVIII  :  1,  1910.     (Chile.) 

'  The  term  niter^  when  ussd  alone,  refers  to  potash  niter. 
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BORAX 


Borax  Minerals  (3,  4).  —  The  chief  minerals  contuniag  boron 
are  borax,  tincal,  or  sodium  biborste,  Na^BiOr,  iO  HjO;  coleman- 
ite,  Ca3.0u,  5  H,0 ;  ulexite,  CaNaBjO^ 8  HjO;  boracite, 2  Mg^sOi,, 
MgCli.  These  minerals  are  found  usually  as  incrustations  in  al- 
kaline marshes,  or  in  lake  waters  of  arid  regions,  or  as  bedded  de- 
posits.   In  some  localities  boric  acid  is  found  in  fumarohc  vapors. 


Dietribntion  in  the  United  States.  —  Deposits  of  borax  have  up 
to  the  present  time  been  discovered  only  in  California  (1,  2,  5), 
Nevada,  and  Oregon  (3,  8) .  Borax  was  oripnally  obtained  by  evap- 
oration from  the  waters  of  Clear  Lake,'  north  of  San  Francisco, 
being  produced  in  conunercial  quantities  in  1864,  and  the  solution 
was  enriched  by  crystalhne  borax  obtained  from  the  marshes  sur- 
rounding the  lake.  This  and  other  lakes  of  CaUfornia  were  worked 
until  the  discovery  of  large  deposits  of  nearly  pure  borax  in  alkaline 

'  An  oDol]^  of  the  solids  of  hot  spriog  from  sulphur  bank  □□  margin  of  Clear 
Lake  yielded  CI.  18.49;  I,  .03;  COj,  21.96;  B.Oi,  25.61;  Na.  24.89;  NH«,  7.88; 
AIjOj,  .40;  SiOj,  2.84.     (U.  S.  Gaol.  Surv.,  BuU.  330  ;  164.) 
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marshes  of  eastern  California  and  western  Nevada  in  the  early 
seventies.  Several  refinii^  plants  were  located  c*  these  marshes, 
and  the  product  waa  sometimes  hauled  a  hundred  miles  to  the  rail- 
road. Increased  production  and  importation  from  Italy,  however, 
reduced  the  price  and  caused  these  plants  to  be  abandoned. 

The  discovery,  in  1890,  that  the  majsh  borax  was  a  secondary 
depofflt,  derived  from  easily  accessible  and  extensive  bedded  deposits 
in  the  Tertiary  lake  beds  of  that  region,  revolutionized  the  industry. 

The  Tertiary  clays  (2,  5)  in  which  the  borax  deposits  are  found 
occur  mtunly  in  southern  Cahfomia,  but  partly  in  Nevada  (Fig,  67), 
They  are  exposed  at  intervals  from  Death  Valley  and  the  Nevada 
boundary,  as  far  as  the  Pacific  Ocean  near  Santa  Barbara,  north  of 
Los  Alleles.  Daggett  in  San  Bernardino  County  (PI.  XX,  Fig.  2) 
was  formerly  the  chief  locality,  but  more  important  deposits  have 
recently  been  discovered  in  Furnace  Ca&on  and  Santa  Clara.     In 


this  region  (Fig.  68),  the  borax,  which  forms  a  regular  layer  or 
layers,  is  interbedded  with  sands  and  clays,  supposed  by  Campbell 
to  have  been  deposited  in  a  series  of  Tertiary  lakes  (2),  but  the  beda 
are  in  many  instances  tilted,  due  to  violent  crustal  movements, 
which  interrupted  sedimentation  at  intervals,  Keyes  estimates 
the  section  at  4000  to  5OO0  feet  thick,  but  is  not  sure  that  all  the 
borax  beds  occur  at  the  same  geologic  horizon. 

In  Furnace  Cafion,  for  example,  the  richer  borate  beds  range 
from  a  few  inches  to  50  feet  in  thickness.  The  unweathered  por- 
tions consist  of  bluish  clays,  thickly  interspersed  with  milk-white 
layers,  nodular  bands,  and  nodules  of  crystallized  colemanite  or 
calcium  borate,  which  is  termed  locally  "  high  grade  ore," 

The  "  low-^ade  ore  "  consists  of  clays  impregnated  with  fine 
particles  of  the  borate  mineral,  and  yielding,  on  leaching,  from  10  to 
25  per  cent  of  anhydrous  boric  acid.  Selenite  not  infrequently  ac- 
companies the  coarse  colemanite  and  in  some  places  may  be  in  excess. 
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In  1907  important  deposits  were  discovered  in  Tick  Cafion,  Los 
Angeles  County,  which  promise  to  be  of  great  importance  because 
of  their  proximity  to  the  raikoad. 

Uses.  —  The  borax-bearing  minerals  are  utilized  chiefly  for  the 
manufacture  of  borax  and  boracic  acid.  Borax  is  used  in  indus- 
trial chemistry,  in  medicine,  and  as  a  laboratory  reagent.  It  is 
also  employed  in  the  assaying  of  gold  and  silver  ores,  in  soldering 
brass,  and  welding  metals. 

Boric  acid  is  used  in  the  manufacture  of  borax,  in  colored  glazes 
for  decorating  iron,  steel,  and  metallic  objects,  in  enamels  and  glazes 
for  pottery,  in  making  flint  glass,  as  an  antiseptic,  and  as  a  preser- 
vative for  food.  Chromium  borate  makes  a  green  pigment  used  in 
calico  printing,  and  manganese  borate  is  sometimes  employed  as  a 
drier  in  paints  and  oils.  Borax  is  also  extensively  used  in  niuner- 
ous  cosmetics. 

The  chief  refiners  are  the  Pacific  Coast  Borax  Company  with 
works  at  Bayonne,  New  Jersey,  and  Alameda,  California,  and  the 
Sterling  Borax  Company  of  San  Francisco,  California. 

Production  of  Borax.  —  The  California  colemanite  deposits  form 
the  main  source  of  domestic  supply,  the  output  being  derived  from 
the  counties  of  San  Bernardino,  Inyo,  and  Ventura.  The  marsh 
deposits  of  Nevada  are  no  longer  productive. 

The  production  of  borax  in  California  from  1904  to  1908  was  as 
follows,  the  values  being  based  on  the  boric-acid  content  of  the 
corresponding  number  of  crude  tons  of  colemanite  or  borate  of  lime. 


Year 

Short 
Tons 

Valub 

Ybab 

Short 
Tons 

Valur 

1904 

1905 

1906 

45.647 
46.334 
58,173 

$698,810 
1,019.154 
1.182.410 

1907 

1908 

52.850 
25,000 

S1.121.5?0 
976.000 

REFERENCES  ON  BORAX 

1.  Bailey,  Calif.  State  Mining  Bureau,  Bull.  24  :  33,  1902.  (Calif,  and 
general.)  2.  Campbell,  U.  S.  Geol.  Surv.,  Bull.  200,  1902.  (Calif.) 
3.  Clarke,  U.  S.  Geol.  Surv..  Bull.  330  :  195,  1908.  (Chemistry  of 
origin,  etc.)  4.  Kemp,  Min.  Indus.  1 :  43, 1893.  (General.)  5.  Keyes, 
Amer.  Inst.  Min.  Engrs.,  Bi-mon.  Bull.  Oct.  1909,  p.  867.  (General.) 
6.  MerriU,  Non-Metallic  Minerals  :  313,  N.  Y.  1904.  7.  Spurr,  U.  S. 
Geol.  Surv.,  Prof.  Pap.  55  :  158,  1906.  8.  Stafford.  Ore.  Univ.  Bull., 
New  Ser.,  I,  No.  4  : 6,  1904.  (Oregon.)  9.  Strong,  Amer.  Inst. 
Min.  Engrs.,  Bull.  38  :  167,  1910.     (Discussion  of  Ref.  5.) 
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lOMNE 

Sources.  —  This  element  is  known  to  occur  in  sea  water,  in  min- 
eral springs,  and  in  a  few  rare  minerals,  such  as  the  iodides  of 
silver,  copper,  and  lead.  In  the  Chilean  nitrate  deposits  it  exists  as 
lautarite  [Ca(I08)2]  and  as  a  double  salt  of  calcium  iodate  and 
chromate  [Ca(I08)2,  CaCrOJ.  Some  Silesian  zinc  ores  and  some 
of  the  phosphate  rocks  of  France  show  small  percentages  of  the 
element.  It  has  been  found  in  the  ashes  of  sea  weeds,  and  in  some 
oil-well  waters,  certain  Pennsylvania  ones  carrying  .5587  gram  of 
calcium  iodide  per  Uter. 

At  present  the  entire  production  of  iodine  comes  from  two 
sources,  viz.,  the  ashes  of  sea  weeds  and  the  niter  deposits  of  Chile. 

REFERENCES  ON  lODDfE 

1.  Clarke,  U.  S.  Geol.  Surv.,  Bull.  330. :  17,  91,  142,  1908.    (Many  refer- 
ences.)    2.  Min.  Indus.,  XVI :  582,  1907. 
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CHAPTER  VII 

GYPSUM 

Properties  and  Occurrence. — Gypsum  (1,4),  the  hydrous  sul- 
phate of  lime  (CaS04,  2  HjO),  occurs  most  frequently  in  sedimen- 
tary rocks,  interbedded  with  shales,  sandstones,  and  limestones, 
and  often  more  or  less  closely  associated  with  rock  salt.  It  is  also 
found  as  surface  deposits  mixed  with  clay  (gypsite)  (11),  or  in  the 
form  of  sand  (5  Ariz.).  The  first  two  types  are  the  most  impor- 
tant conamercially.  It  also  occurs  as  eflBorescent  deposits,  periodic 
lake  deposits,  in  lumps  and  plates  scattered  through  clays  or  shales, 
in  veins,  and  in  limited  quantities  in  volcanic  regions,  especially  in 
lavas  (4).  When  occurring  in  bedded  deposits  (PL  XXI,  Fig.  2) 
it  is  often  massive,  of  crystalline  texture  or  earthy  appearance,  and 
of  variable  color,  although  most  commonly  white  and  gray. 

Transparent,  colorless  forms,  known  as  selenite,  are  found  as  veins  or 
crystals  in  the  massive  gypsum,  or  as  plates  and  crystals  in  many  clays, 
shales,  and  limestones.  This  variety  by  itself  never  forms  deposits  of  com- 
mercial importance,  although  selenite  scales  are  sometimes  plentifully 
scattered  through  the  purer  varieties.  Alabaster  is  a  pure  white,  fine- 
grained, massive  variety,  which  is  sometimes  used  for  ornamental  work. 

Gypsum  when  pure  contains  46.6  per  cent  sulphur  trioxide,  32.5 
per  cent  lime,  and  20.9  per  cent  water.  It  has  a  specific  gravity  of 
2.3,  and  a  hardness  of  1.5  to  2.  It  is  therefore  sufiiciently  soft  to  be 
easily  scratched  with  a  knife  or  even  by  the  thumb  nail. 

Anhydrite  differs  from  gypsum  chemically  in  the  absence  of  water, 
but  changes  to  it  on  exposure  to  the  air  and  moisture.  In  some  cases 
it  may  have  been  derived  from  gypsum.  When  present,  it  may 
occur  as  veinlets,  beds  or  masses  in  the  gypsimi  deposit;  indeed,  its 
irregularity  of  occurrence  is  at  times  puzzling  (PI.  XXI,  Fig.  1). 

Anhydrite  contains  41.2  per  cent  Ume,  58.8  per  cent  sulphur  tri- 
oxide. Its  specific  gravity  is  2.8  to  2.9  and  its  hardness  3  to  3.5. 
As  it  is  of  no  commercial  value,  it  may  cause  trouble  in  quarrying,  if 
present  in  large  quantities. 

So  far  as  published  accounts  go,  anhydrite  does  not  appear  to  be 
very  abundant  in  the  gypsum  deposits  of  the  United  States.  It  is 
not  unconmion  in  the  Virginia  mines,  and  Lane  notes  its  occur- 
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FiQ.  t.  —  View  in  a  Nova  Scotia  gypsum  quarry,  showing  ]s.rBe  mass  of  anhydriti;. 
The  ftnhydril*  forms  the  buttress  on  right  of  quarry  face,  and  ia  not  removed. 
Good  gyiwuin  occure  on  either  side  of  it.     (H.  Rics,  photo.) 


Fiu.  2.  —  Gypsum  quarry,  Lioden,  N  Y.     {Phola.  loaned  by  D.  H.  .Vtu 
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rence  in  the  deeper-lying  parts  of  the  Michigan  gypsum  series. 
Some  extensive  beds  also  occur  in  Oklahoma.  Scattered  irregular 
masses  and  beds  are  abundant  in  some  of  the  New  Brunswick  and 
Nova  Scotia  gypsum  areas. 

Impurities  in  Gypsum, — Clay  is  probably  the  commonest  impurity, 
and  occurs  either  uniformly  distributed  through  the  gypsum,  or  else 
in  layers.  Lime  carbonate  is  often  present,  though  rarely  in  large 
amounts.    The  same  may  be  said  of  magnesia,  siUca,  and  iron  oxide. 

Origin  of  Gypsum  (1,  4).  —  Gypsum  is  widely  distributed  both 
geographically  and  geologically,  being  found  in  various  horizons 
from  the  Silurian  to  the  Recent.  Most  beds  of  this  substance 
have  no  doubt  been  formed  by  the  evaporation  of  salt  water  either 
in  inland  seas  or  else  in  arms  of  the  ocean,  the  process  of  precipita- 
tion having  been  discussed  in  the  chapter  on  Salt,  As  gypsum 
separates  from  sea  water  after  37  per  cent  of  the  water  is  evapo- 
rated, while  salt  precipitates  only  after  93  per  cent  has  been  removed, 
it  is  evident  that  gypsum  beds  may  be  deposited  without  salt. 
This  may  also  explain  why  gypsum  is  more  widely  distributed  than 
salt;  and  the  fact  that  the  percentage  of  gypsmn  in  salt  water  is 
much  less  than  that  of  salt  probably  accounts  for  its  usual  occur- 
rence in  the  thinner  deposits. 

The  conditions  under  which  anhydrite  forms  do  not  appear  to  be 
thoroughly  understood.  According  to  Vant  Hoff  and  Weigert,  an- 
hydrite forms  from  gypsum  in  sodium  chloride  solutions  at  30°C., 
while  in  sea  water  the  transformation  takes  place  at  25°C.  (Quoted 
by  Clarke  4).  Lane  (12)  believes  that  all  calcium  sulphate  precipi- 
tated at  a  greater  depth  than  500  feet  is  really  anhydrite  rather 
than  gypsum.  Indeed,  some  believe  that  perhaps  much  of  the 
gypsum  now  found  was  originally  anhydrite. 

If  the  change  was  brought  about  by  penetrating  surface  waters, 
it  might  account  for  the  irregularity  of  occurrence  of  the  anhydrite 
in  the  gypsum.  That  such  a  transformation  may  extend  to  a  con- 
siderable depth  is  shown  by  the  deposits  at  Bex,  Switzerland  (4), 
where  the  alteration  has  reached  a  thickness  of  60  to  100  feet. 

Gypsum  may  also  be  formed  by  the  decomposition  of  sulphides, 
such  as  pyrite,  and  the  action  of  the  sulphuric  acid  thus  liberated 
on  lime  carbonate.  Small  quantities  are  formed  in  volcanic  regions 
through  the  action  of  sulphuric  vapors  on  the  Ume  of  volcanic 
tufifs  or  other  rocks  (4). 

Gypsite,  or  gypsum  dirt,  is  an  earthy  or  sandy  variety  of  gypsum 
forming  a  surface  deposit  in  Kansas  (11)  and  other  western  states 
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(20,  23),  which,  in  spite  of  its  impure  appearance,  may  run  high  in 
calcimu  sulphate.  It  is  beheved  to  be  a  deport  either  in  the  soil 
or  in  shallow  lakes  supplied  by  springs  whose  water  has  dissolved  the 
caldum  sulphate  from  gypsum  beds  or  other  rocks.  During  its 
precipitation  by  the  second  method,  its  impure  character  is  caused 
by  its  becoming  mixed  with  clay  or  sand  washed  in  from.the  land. 


Distribution  in  the  United  States  (Fig.  69).  —  Eighteen  states 
and  territories  are  producers  of  gypsum,  although  three  of  these  — 
New  York,  Michigan,  and  Iowa  —  produce  over  50  per  cent  of  the 
total  quantity  mined. 

The  wide  geologic  rai^  of  gypsum  deports  in  the  United  States 
can  be  seen  from  the  following  table:  — 


T^TOM                       ■*"' 

r,^"^ 

Ao. 

Alaska       Permian  or 

Nevada 

Triassio 

Triasaic 

New  Mexico 

Permian 

Arizona      Triassio  and  Tertiary  (Pliocene) 

New  York 

Silurian 

Arkansas    Tertiary 

Ohio 

Silurian 

CaliTomia  Tertiary 

Oklahoma 

Colorado    Permian 

Permian 

Iowa          Permian 

South  Dakota 

Permian  • 

Kansas       Pleistocene 

Texas 

Permian 

Permian 

Utah 

Jurassic 

Michigan   Lower  Carboniferous 

Virgima 

Carboniferous 

Montana    Lower  Carboniferous 

Wyoming 

Triassie 
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Fig.  70.  —  Map  of  New  York  showing  outcrop  of  gypsum-bearing  formatioDS. 

(C/.  S.  Geol.  Surv.,  Bull.  223.) 

New  York  (13,  14)  —  In  this  state,  which  is  one  of  the  three 
largest  producers,  the  g3^sum  occurs  as  rock  g3^sum,  interbedded 
with  shales  and  shaly  limestones  of  galina  (Silurian)  age.  The  beds, 
several  of  which  may  occur  in  the 
same  section,  are  lenticular  in  shape, 
but  of  such  horizontal  extent  that 
in  any  one  quarry  they  appear  of 
uniform  thickness  (PL  XXI,  Fig.  2). 
In  most  quarries  they  range  from 
4  to  10  feet,  and  their  general  dip 
is  southward,  but  there  are  local 
irregularities.  The  main  gypsum 
deposits  occur  in  the  upper  part  of  Linden, 
the  Salina,  while  the  salt  beds  lie 
lower  down  in  this  formation.  The 
area  of  outcrop  of  the  Salina  is 
shown  in  Fig.  70.  The  gypsum  de- 
posits, which  occur  mostly  in  the 
central  part  of  the  state,  are  usually 
impure,  except  in  Genesee  County. 
Figure  71  shows  a  not  uncommon 
mode  of  occurrence. 

Michigan  (12). — All  the  Michigan 
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Fia.  71. — Section  in  gypsum  deposit 
at  Linden,  N.Y.  (After  Eckel, 
U.  8,  Oeol.  StiTD.,  Bull.  223.) 
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gypsum  is  rock  gypsum  and  of  high  purity.  There  are  two  im- 
portant areas,  one  being  in  the  vicinity  of  Grand  Rapids,  and  the 
other  at  Alabaster  on  Saginaw  Bay  (PL  XXII,  Fig.  1),  both  in  beds 
of  Lower  Carboniferous  age.  These  beds,  known  as  the  Grand 
Rapids  formation,  surround  the  Michigan  coal  basin,*  and  carry 
the  gypsum  in  their  lower  part.  At  Grand  Rapids,  the  gypsum 
beds,  which  are  interstratified  with  shale  and  limestone,  run  from 
6  to  12  feet  in  thickness,  and  are  worked  either  by  quarrying  or 
underground  chambers.  At  Alabaster,  Iosco  County,  the  gypsum, 
which  immediately  underlies  the  glacial  drift,  is  23  feet  thick. 

A  third,  possibly  productive,  area  is  near  St.  Ignace  on  the  upper 
peninsula,  but  there  the  gypsum  occurs  in  the  Salina  or  Monroe 
group  (Silurian). 

Iowa  (10).  —  Important  deposits  are  found  in  this  state  in  an  area 
of  about  25  square  miles  in  Webster  County,  especially  near  Fort 
Dodge.  The  gypsum,  which  is  presumably  of  Permian  age,  rests  on 
the  Coal  Measures,  or  the  St.  Louis  limestone  (Lower  Carboniferous), 
and  is  covered  by  glacial  drift,  but  in  places  is  overlain  conformably 
by  red  shales.  It  varies  from  3  to  30  feet  in  thickness,  with  an 
average  of  16  feet,  and  much  of  it  is  sufficiently  white  for  stucco. 

Kansas,  —  Gypsum  (11)  is  found  occurring  as  rock  gypsum,  or 
as  gypsite,  the  deposits  forming  a  belt  extending  across  the  central 
part  of  the  state  in  a  northeast-southwest  direction,  and  includes 
three  important  areas,  viz.  Northern,  or  Blue  Rapids,  in  Marshall 
County,  Central,  or  Gypsum  City,  in  Dickinson  and  Saline  counties, 
and  Southern,  or  Medicine  Lodge,  in  Barber  and  Comanche  coun- 
ties. The  beds  of  rock  gypsum  are  of  Permian  age,  interbedded 
with  red  shales,  those  at  the  southern  end  of  the  belt  being  strati- 
graphically  1000  feet  higher  than  those  at  the  northern  end. 

The  gypsite  or  gypsum  dirt,  which  is  of  more  recent  age,  is  found  in  the 
central  area,  as  well  as  at  a  number  of  other  localities.  The  spring  waters 
which  have  supplied  it  have  leached  the  calcium  sulphate  either  from 
the  gypsum  beds  or  the  red  shales.  The  gypsite  is  found  especially  in  the 
central  area,  and  the  deposits  were  the  first  of  their  kind  worked  in 
the  United  States. 

The  product  is  used  for  fertilizer  and  cement  plaster,  and  much  is  also 
used  for  making  Keene's  cement.^  The  rock,  which  is  quarried  especially 
in  the  northern  and  southern  areas,  is  white  in  color,  and  may  range  from 
8  to  16  feet  in  thickness. 

*  It  is  interesting  to  note  that  wells  sunk  in  the  central  portion  of  the  basin  show 
that  the  gypsum  passes  into  anhydrite,  indicating  that  if  the  gjrpsum  is  of  primary 
character  it  was  deposited  around  the  borders  of  the  old  interior  sea. 

'  A  cement  made  by  burning  gypsum  at  high  temperatures,  and  then  treating  it 
with  alum  or  other  chemicals. 


Platb  XXII 


la.  1.  —  Gypsum  quarry,  Alabaster,  Mich.    Shows  gypsum  overiiuD  by  Rlsciat 
drift.   The  dump  in  foregrouod  ia  overburdeu  removed  from  gypsum.    {Pkalo., 

A.  C.  Lam,) 


a  scythestoDe  quarry.   Pike  Station,   N.  H.     [Fhuto. 
Pike  Mfg.  Co.) 
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Virginia,  —  Gypsum  is  also  found  in  beds  of  Lower  Carbonif- 
erous age  in  the  Holston  Valley  of  southwestern  Virginia  (22), 
the  deposits  occurring  in  shales,  between  Carboniferous  (Green- 
brier limestone)  and  Siluro-Devonian  sandstones  (Fig.  63).  The 
section  is  faulted  up  against  the  Cambro-Silurian  limestones,  on 
the  southeast,  and  both  the  gypsum  and  salt  deposits  seem  to  be 
limited  to  a  narrow  belt  bordering  on  this  fault. 

The  gypsum  occurs  in  bowlder  masses  in  gray  and  red  clays,  and  is 
interesting  because  of  the  abundant  but  irregular  occurrence  of  anhydrite, 
which  grades  into  the  gypsum.  The  rock  is  inined  partly  by  underground 
workings,  and  some  of  the  beds  are  fully  30  feet  thick.  The  product  is  used 
for  land  and  wall  plaster. 

In  Ohio  gypsum  has  been  obtained  from  the  lower  Helderberg  beds  of 
Ottawa  County,  10  miles  west  of  Sandusky.  The  material  occurs  at  differ- 
ent horizons,  the  beds  being  bent  into  rolls,  the  main  ones  having  a  thickness 
of  about  12  feet  (15,  20). 

Other  Occurrences. — Additional  occurrences  are  known  in  Wyoming 
(23,  24),  Utah  (21),  Nevada  (20),  California  (8),  Montana  (20),  Idaho  (20), 
Colorado  (9,  20),  South  Dakota  (17-19),  Oklahoma  (16),  Texas  (20),  and 
Arizona  (7,  20).  In  the  last,  as  well  as  in  New  Mexico,  there  are  found 
important  deposits  of  gypsum  sand,  composed  of  gypsum  grains  broken 
down  by  stream  action  and  water  from  rock  gypsum  outcrops,  and  then 
gathered  into  hills  or  dunes  by  wind  action.  Some  of  these  dunes  are  more 
than  100  feet  high.  The  utilization  of  these  sands  in  Otero  County,  New 
Mexico,  was  begun  in  1908. 

Gypsum  (6)  of  Permian  or  Triassic  age  is  known  to  occur  on  Chichagof 
Island  in  southeastern  Alaska.  The  beds,  which  are  folded  and  steeply 
tilted,  have  been  extensively  developed  during  the  last  few  years  and  shipped 
to  Taeoma  for  preparation.  It  comes  into  competition  with  similar  ma- 
terial from  the  western  states. 

Analyses  of  Gypsum.  —  The  following  analyses  indicate  the  com- 
position of  gypsum  from  different  localities  in  the  United  States. 
They  cannot  all  be  guaranteed  as  being  of  average  character,  and 
serve  mainly  to  show  variation  in  composition  :  — 


PURK 
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CaSOi  .  .  . 
H2O  .  ,  .  . 
Si02  .... 
AlsOs  and  FeaOs 
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MgCOa  .     .     . 
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CaS04 

H2O 

SiOs 

AlaOs 

FezOg 

CaCOs 

MgO 


Onondaqa.  N.Y.      Ft.  Dodge,  Ia 


73.92 

4.64 
21.44 


73.44 
20.76 

.65 


SAMDU8KT,  O. 


78.73 

19.70 

.91 

.60 


.54 


Uses  (1  a).  —  Gypsum  is  sold  either  in  the  ground,  uncalcined 
condition,  or  after  calcining  and  screening.  In  the  former  state  its 
chief  value  is  as  a  fertilizer,  it  being  marketed  imder  the  name  of 
land  plaster,  which  is  also  used  as  a  disinfectant. 

In  its  calcined  form,  gypsum  is  known  as  plaster  of  paris  and  has 
the  following  uses,  dependent  on  its  property  of  hardening  or  setting 
when  mixed  with  water:  stucco,  plastering  for  walls,  whitewash,  pot- 
^  tery  molds,  statuary,  and  dental  purposes,  as  a  deodorizer,  for  cray- 
ons, and  as  a  retarder  of  fermentation  and  absorbent  of  water  in  wines. 

An  important  use  is  as  a  retarder  in  Portland  cement,  large 
quantities  being  sold  for  this  purposes.  It  is  also  employed  as  a 
bed  for  rolling  hot  glass. 

Calcining  Gypsum.  —  When  heated  to  250^  F.,  gypsum  loses  a  portion  of 
its  water  of  hydration,  but  if  finely  ground  has  the  property  of  recombining 
with  it.  If  heated  to  300^^  F.  to  400°  F.,  it  loses  this  power  and  is  said  to 
be  dead-burned.  In  addition  to  dehydration,  burning  also  breaks  up  the 
crystals  into  minute  particles.  The  set  is  due  to  the  formation  of  a  crystal- 
line network  of  the  rehydrated  grains. 

Since  calcined  gypsum  sets  in  from  6  to  10  minutes,  some  retardii^g  ma- 
terial, such  as  organic  matter  from  slaughter-house  refuse,  is  often  added 
to  it,  and  thus  the  setting  process  may  be  delayed  from  2  to  6  hours. 
Those  plasters  which  set  slowly  are  termed  cement  plasters. 

The  following  analyses  show  the  composition  of  (1)  uncalcined  gsrpsum; 
(2)  the  calcined  rock;  and  (3)  the  plaster  after  it  has  taken  up  wat«r  and 
set.  From  these  it  will  be  seen  that  the  plaster  takes  up  the  amount  of 
water  lost  in  calcination. 


Series  of  Analyses  showing  Chanqes  in  Gypsum  during  Burning 

AND  After  Setting 


Si02  and  Insol.  res. 
FeaOs  and  AI2O9  . 

CaO 

MgO 

SOs 

COa 

H.>0 


Crcdb 


12.29 
2.27 

29.67 
.78 

34.87 
3.52 

16.07 


Finished 


14.31 
2.16 

33.53 
.91 

39.85 
4.11 
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12.03 
1.62 

30.05 
.61 

35.73 
3.55 

16.38 


GYPSUM 


185 


Though  the  softness  of  gypsum  prevents  its  general  employment 
as  a  building  material,  the  pure  white,  massive  varieties,  known 
as  alabaster,  have  been  used  for  statuary,  basins,  vases,  and  other 
objects  for  interior  decoration.  Gypsum  is  also  used  to  weight 
fertilizers,  and  as  an  absorbent  of  organic  materials  in  them;  as  a 
flux  in  the  manufacture  of  glass  and  porcelain;  and,  under  the 
name  of  ''  terra  alba,"  as  an  adulterant  of  foods  and  medicinal 
preparations. 

Production  of  Gypsum.  —  Michigan,  New  York,  and  Iowa  are 
the  leading  producers,  but  other  states  contribute  considerable 
amounts.* 

Production  op  Qtpsum  in  the  United  States  in  1907  and  1908 

BY  States  and  Uses,  in  Short  Tons 


Statb 


1007 

Alaska,  Colorado,  New 
Mexico,  South  Da- 
kota, and  Utah    .     . 

California,  Nevada, 
and  Oregon 

Iowa     .... 

Kansas      .     .     . 

Michigan  .     .     . 

New  York      .     . 

Ohio  and  Virginia 

Oklahoma  and  Texas 

Wyoming  .... 


1908 

Alaska,  Arisona,  Colo- 
rado, Idaho,  New 
Mexico,  South  Da- 
kota, and  Utah    .     . 

California,  Nevada, 
and  Oregon 

Iowa     .     .     . 

Kansas      .     . 

Michigan   .    . 

New  York 

Ohio  and  Virginia   . 

Oklahoma  and  Texas 

Wyoming  .... 


Sold  Crxtde, 

Sold  Cbudb 

Ground,  as 

Total 

Land  Plaster 

Mined 

Quan- 
tity 

Value 

Quan- 
tity 

Value 

96.389 

13,349 

$53,961 

1;221 

$4,884 

80,879 

20.902 

38.302 

6,161 

28,288 

251.874 

17.272 

24.837 

1.562 

4,278 

165.980 

27.211 

33.572 

3,395 

6.364 

317,261 

36,543 

66,681 

16.600 

23.981 

324,507 

101,721 

196.426 

6.716 

14.687 

202.253 

4,473 

9.399 

13.296 

33.369 

282.461 

11.075 

11.049 

40,144 

1.751,748 

232,546 

$424,227 

46.861 

$116,841 

129,440 

19,863 

$72,206 

1.573 

$3,890 

93.794 

3,282 

8.935 

4,195 

17,151 

240,270 

19,960 

26.429 

1.984 

3,676 

130.184 

24.064 

27,047 

3,162 

5,679 

327.810 

40,324 

63.673 

11.414 

13,381 

318.046 

95.146 

171.747 

5,712 

14.265 

178.904 

9.260 

19,988 

9.632 

33,591 

272,193 

» 14,362 

16.721 

31.188 

1.721.829 

1 

226.261 

1 

$396,745 

1 

37.672 

$91,623 

Sold  as  Calcined 
Plaster 


72,872 

49.860 
162.965 

96.347 
197.666 
146,132 
146.665 
223.264 

30,640 


$343,961 

227,456 
701.268 
374.330 
600.689 
589.112 
626.779 
813.568 
126.033 


Total 
Value 


$402,806 

294,046 
730.383 
414.266 
681,361 
800,226 
669.537 
824,617 
125.033 


1.125.301  $4,402,196  $4,942,264 


101,274 

64,775 
158,043 

80,523 
192,403 
160.930 
125.167 
216.350 

26,152 


$416,254 


$492,349 


345.652 

371.738 

535.540 

665.645 

248.613 

281.339 

424.874 

491.928 

674,767 

760,759 

426,426 

480.005 

583.141 

599.862 

94,935 

94.935 

1.125.617  $3,650,192  $4,138,660 


>  Includes  a  small  quantity  of  ground  material  from  Texas. 


*  Owing  to  the  complexity  of  tabulation  adopted  by  the  United  States  Geoloio;i- 
cal  Survey,  the  state  figures  are  given  for  1907  and  1908  only. 
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PRODUcrriON  of  Gypsum  in  the  United  States,  1904r-1908 

CLASSIFIED  AS  TO   UsES 


Sold  Crudb 

Sold  Crudb, 
'Ground,  as 
Land  Plaster 

Sold  as  Calcined 
Plaster 

Quan- 
tity in 
short 
tons 

Value 

Aver- 

a^ 

price 

per 

ton 

Quan- 
tity in 
short 
tons 

Value 

Aver- 
age 

price 
per 
ton 

Quan- 
tity in 
short 
tons 

Value 

Aver- 
age 

price 
per 
ton 

Total 
Value 

1904.  . 

1905.  . 

1906.  . 

1907.  . 

1908.  . 

56,137 

67,105 

186,999 

232,546 

226,261 

$61,234 
106.041 
460.545 
424,227 
396,745 

$1.09 
1.58 
2.46 
1.82 
1.75 

70,167 
40.196 
62.671 
46,851 
37,672 

$142,490 

74,280 

157.292 

115.841 

91,623 

$2.03     665,340 
1.85     736,708 
2.50     899,581 
2.47  1,125.301 
2.43|  1,125.617 

$2,580,601 
2.848.906 
3.220.138 
4,402,196 
3,650,192 

$3.88 
3.87 
3.58 
3.91 
3.24 

$2,784,325 
3.029,227 
3,837,975 
4,942.264 
4,138,560 

The  imports  for  1908  were  valued  at  $354,403. 

World's  Production  of  Gypbum 


Country 

Short 
Tons 

Valur 

Country 

Short 
Tons 

Value 

France  (1907)    .     .     . 
United  States  (1907)  . 
Canada  (1907)   .     .     . 
Great  Britain  (1906)    . 

1,547,560 

1,751.748 

340,964 

252.030 

$2,544,819 

4,942,264 

676,701 

362,761 

German  Empire  (1904) 
Algeria  (1907)    .     .     . 
Cyprus  (1906)   .     .     . 

25,095 
29.101 
23,069 

$17,307 
75,907 
55.668 
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FERTILIZERS 

Under  this  tenii  are  included  a  number  of  mineral  substances, 
limestone  (p.  139),  marl  (p.  143),  gypsum  (p.  178),  phosphate  of 
lime,  greensand,  guano,  kainite  (K2SO,  MgS04,  MgCU,  6  H2O) 
(p.  160),  and  niter  (p.  173),  which  are  of  value  for  adding  to  the  soil 
to  increase  its  supply  of  plant  food  and  also  in  some  cases  correct 
its  physical  condition.  Some  of  these  have  other  uses  as  well,  and 
have  been  discussed  elsewhere  on  those  pages  indicated  by  the  num- 
bers following  them  in  the  foregoing  linei^. 

Phosphate  of  Lime. . —  This  occurs  both  as  crystalline  phosphate 
of  lime,  or  apatite,  and  amorphous  phosphate  of  lime,  or  rock  phos- 
phate. 

Apatite  (6,  8).  —  This  mineral  when  pure  contains  about  90  per 
cent  tricalcic  phosphate,  and  10  per  cent  calcium  fluoride,  which 
may  be  replaced  by  calcium  chloride.  It  is  widely  distributed  in 
some  igneous  and  metamorphic  rocks,  especially  granites,  gneisses, 
and  some  crystalline  Umestones,  but  rarely  in  sufficient  quantity  or 
in  sufficiently  concentrated  masses  to  render  its  extraction  prof- 
itable, at  least  while  the  supply  of  amorphous  phosphate  lasts. 
So,  competition  with  rock  phosphate  has  restricted  mining  to  a  few 
locaUties  where  it  is  associated  with  other  valuable  minerals. 

In  the  United  States  apatite  has  been  produced  for  several  years 
at  Mineville,  N.  Y.  (7)  where  it  occurs  disseminated  in  small  grains 
through  the  magnetite,  forming  sometimes  as  much  as  5  per  cent  of 
the  ore.  In  the  process  of  magnetic  separation  the  apatite  is  re- 
moved as  tailings,  the  first  grade  of  these  carrying  about  60  per 
cent  tricalcium  phosphate,  and  the  second  about  30  per  cent. 
They  are  used  in  fertilizer  manufacture. 

A  unique  as  well  as  extensive  occurrence  of  phosphatio  material  is 
found  at  two  localities  in  Nelson  (figured  under  Titanium)  and  Roanoke 
counties,  Virginia.  The  rock  which  Watson  has  named  Nelsonite  (80) 
consists  of  a  hard  granular  aggregate  of  white  apatite  and  black  ilmenite, 
and  forms  a  dike-like  mass  in  gneisses  and  schists.  The  oonuneroial  value 
of  this  material  as  a  source  of  phosphate  remains  to  be  proven« 
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Amorphous  Phosphates.  —  These,  though  composed  chiefly  of 
phosphate  of  Ume,  also  carry  variable  quantities  of  other  substances. 
(See  table,  p.  196).  They  occur  (1)  as  concretionary  bodies  in  con- 
solidated rocks;  (2)  as  beds;  (3)  as  irregular  rocklike  masses; 
and  (4)  as  nodular  masses  of  varying  size,  often  scattered  through 
unconsoUdated  beds.  As  is  shown  in  the  following  descriptions, 
amorphous  phosphates  occur  in  various  geological  horizons,  from 
the  Silurian  to  Tertiary,  and  in  several  states,  though  most  of  the 
domestic  supply  at  present  comes  from  Florida,  Tennessee,  and 
South  CaroUna. 

Florida  (13,  25).  — This  state  is  at  present  the  most  important 
phosphate  producer,  although  the  full  extent  and  value  of  the  de- 
posits were  unsuspected  until  the  discovery  of  large  beds  along  the 
Peace  River  in  1887.  The  phosphate  deposits  which  are  associated 
with  Tertiary  limestones  of  various  horizons  from  the  Eocene  to 

the  Pliocene  form  a  curved  belt, 
beginning  west  of  the  Appalachi- 
cola  RiveV  and  extending  east 
and  then  south  through  Dunnel- 
lon,  and  approximately  as  far  as 
Punta  Gorda  (Fig.  72).  The 
topography  varies  from  gently 
rolling  to  flat  pine  lands  and 
swampy  areas,  the  general  ele- 
vation being  under  75  feet.  El- 
dridge  recognizes  four  types  of 
phosphates  in  this  area,  viz.,  hard 
rock,  soft  rock,  land  pebble,  and 
river  pebble.  Of  these  the  hard 
rock  phosphate  (PI.  XXIII,  Fig. 
1)  is  the  richest,  and  has  had 
more  influence  in  the  rapid  de- 
FiG.  72.  —  Map  of  Florida  phoephate  velopment  of  the  district.  It  lies 
deposit      (After    Eidridge    Amer,  j^^  pockets  of  irregular  occurrencc 

Inat.  Mm.  Eng.,  Trans.  XXI.)  \  ^  .^      ^  .. 

and  extent,  and  rests  usually  on 
limestones  of  Lower  Oligocene  (Tertiary)  age.  The  material  is 
of  hard,  massive,  close-textured  character,  variable  color,  and 
often  contains  irregular  cavities  which  show  a  secondary  depo- 
sition of  phosphate.  Accompanying  the  hard  rock  in  some 
places  is  a  second  tj^e,  the  soft  phosphatCy  which  is  evidently  a 
disintegration  product.     Bowlders  of  hard  phosphate  are  sometimes 
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Plate  XXIII 


Fio.  I.  — Rock  phosphate  mine  near  Ocala,  Fla.      (PAtrfo..  A.  W.  Sheafer.) 
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embedded  in  a  matrix  of  soft  phosphate,  and  also  in  sands  and 
clays  overlying  the  Eocene  limestone.  In  the  Miocene  it  is  also 
found  at  many  places  as  a  bedded  deposit.  While  the  hard  rock 
has  an  average  of  a  little  over  36.65  per  cent  of  phosphoric  acid, 
the  soft  phosphate  rarely  averages  over  22.90.  The  former  is  com- 
monly sold  under  a  guarantee  of  77  per  cent  bone  phosphate. 

The  land  pebble  or  matrix  rock  is  made  up  of  pebbles  of  varying 
size,  shape,  and  color,  and  composed  either  (1)  of  earthy  material 
with  fossils,  quartz  grains  and  pisolitic  grains  of  phosphate,  or  (2)  of 
pebbles  closely  resembling  the  hard-rock  phosphate.  To  render  it 
marketable,  the  pebbles,  which  average  32.06  per  cent  phosphoric 
acid,  have  to  be  freed  from  the  matrix  by  washing  and  screening. 
The  imit  composition  of  sale  for  land  pebble  is  68  per  cent  of  the 
bone  phosphate  and  3  per  cent  of  the  combined  oxides  of  iron  and 
alumina,  with  moisture  not  above  3  per  cent. 

The  river  pebble  consists  of  phosphate  pebbles,  having  a  blue, 
black,  or  dark  ^ay  surface,  and  mixed  with  sand,  bones,  and 
teeth.  It  is  foimd  in  the  present  as  well  as  in  ancient  river  chan- 
nels, in  the  latter  case  being  covered  by  coastal  sands.  That 
found  in  the  Peace  River  district  averages  28.40  per  cent  phos- 
phoric acid. 

All  the  above-mentioned  types,  with  the  exception  of  the  soft 
phosphates,  are  found  imderlying  more  or  less  separate  regions 
(Fig.  72). 

Origin, — The  origin  of  the  Florida  phosphates  has  been  a  puzzUng 
problem  to  geologists.  Eldridge  (13)  has  proposed  two  theories:  (1) 
that  they  have  been  derived  by  the  leaching  of  guano  and  bone  beds, 
and  the  deposition  of  the  phosphate  in  the  imderlying  limestone, 
either  by  precipitation  in  its  pores  or  replacement  of  the  lime  car- 
bonate; (2)  that  they  are  due  to  the  solution  of  the  limestone  and 
consequent  concentration  of  the  less  soluble  phosphate  of  lime 
which  was  originally  disseminated  through  the  rock. 

At  a  later  date  underground  waters  may  have  removed  the  lime- 
stone from  around  the  phosphate  deposits,  leaving  them  as  bowl- 
ders, which,  at  a  still  later  period,  were  rounded  by  water  currents 
which  also  deposited  sand  around  them. 

The  land  pebble  and  river  pebble  probably  represent  nodules  of  a 
highly  phosphatized  marl,  formed  in  limestone,  pebbles,  or  shell 
casts,  by  segregation  of  the  lime  phosphate  contained  in  the  lime- 
stones. Subsequent  solution  of  the  lime  carbonate  set  free  these 
nodules,  some  of  which  became  concentrated  as  stream  gravels. 


190 


ECONOMIC  GEOLOGY 


SoiUh  Carolina.  —  Phosphate  is  found  both  on  the  land  and  in  the  river 
bottoms  in  a  belt  about  60  miles  long  lying  inland  from  Charleston  and  Beau- 
fort (8,  20,  22).  The  phosphate,  which  rarely  averages  much  over  one 
foot  in  thickness,  is  commonly  of  nodular  character,  and  often  contains 
many  bones  and  teeth.  The  presence  of  these  animal  remains,  including 
both  land  and  marine  forms,  has  given  rise  to  the  belief  that  the  deposits 
were  caused  by  the  accumulation  of  bones  and  excrements  along  a  shore 
line,  probably  of  Upper  Miocene  (Tertiary)  age.  Leaching  of  these  remains 
may  have  permitted  a  later  replacement  of  limestone  or  the  formation  of 
phosphatic  concretions  in  swamp  bottoms.  » 

Two  forms  are  recognized,  viz.  land  rock  and  river  rock.  The  former 
ranges  from  1  to  3  feet  in  thickness  and  is  overlain  by  greensand  marl. 
The  river  rock  is  little  more  than  water-worn  fragments  of  the  first  type,  and 
is  mined  from  the  river  channels. 

The  South  Carolina  phosphate  rock  was  worked  as  early  as  1867,  and 
the  production  increased  up  to  1893,  but  since  then  it  has  fallen  off  almost 
steadily. 

Tennessee  (14-16,  18,  23,  25).  — Since  the  recognition,  in  1893, 
of  considerable  quantities  of  high-grade  phosphates  in  western 
middle  Tennessee  (Fig.  73),  there  have  been  important  develop- 
ments of  the  deposits.    The  phosphate  areas  lie  mainly  in  Maury, 


FiQ.  73.  —  Map  showing  distribution  of  phosphates  in  Tennessee.     {After  Ruhm, 

Eng.  and  Min.  Jour.,  LXXXIII.) 
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Hickman,  Perry,  and  Lewis  counties,  but  others  are  known  in 
Giles,  Williamson,  Davidson,  Sumner,  and  Decatur  coimties  (Fig. 
73). 

Three  types  of  phosphate  deposits  are  recognized.  The  first  is 
brown  residual  phosphate,  occurring  mainly  along  Duck  River  in 
Maury  County.  The 
material  is  of  Ordovi- 
cian  age,  and  has  been 
formed  by  the  leaching 
of  phosphatic  lime- 
stones,* the  phosphate 
remaining  as  a  residual 
deposit,  whose  thick- 
ness is  from  2  to  8  feet. 

A  second  type  of 
black  or  blue  color  oc- 
curs either  in  beds  or 
nodules.  The  bedded 
material,  which  is  of 
Devonian  age,  varies 
from  oolitic  through 
compact  and  conglom- 
eratic to  shaly  forms 
and  is  imderlain  either 
by  gray  Devonian 
sandstone  or  by  blue 
Silurian  limestone,  and 
capped  by  black  shale. 

This  type  occurs  in 
seams  varying  from  1 
to  50  inches  in  thick- 
ness, although  the 
high-grade  material 
rarely  exceeds  20 
inches.  Its  phosphate 
of  lime  content  ranges 
from  30  to  85  per  cent. 
A  nodular  variety  oc- 
curs in  a  greensand 
formation  overlying  the  black  shale,  and  while  the  nodules  carry 
about  60  per  cent  lime  phosphate,  they  are  not  workable  except 


CATHEYS  FORMATION 
SHALES  AND  LIMESTONE 


BIGBY  LIMESTONE 


HERMITAGE  FORMATION 
SHALES  AND  LIMESTONE 


■UNCONFORMITY 


CARTERS  LIMESTONE 


LEBANON  LIMESTONE 


HEAVY  BLACK  REPRESENTS 


Fio. 


74.  —  Vertical  section  showing  geologic  position 
of  Tennessee  phosphates.     {After  Hayes.) 
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in  connection  with  the  bedded  rock.     Both  types  are  believed  to 
be  chemical  precipitates  on  the  floor  of  the  Devonian  sea. 

The   third   group  includes  white  phosphate  of   post-Tertiary 


Fia,  75.  —  Map  of  parts  of  Idaho.  Wyoming,  and  Utah,  showing  localities  of  ITpper 
Carboniferous  rocks  containing  phospbate  beds.  (After  Weeka  and  Ferrier,  U.  3. 
Geal.  Sun.,  BuU.  316,  1906.) 
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age,  occurring  in  three  conditions;  namely,  stony,  brecciated,  and 
lamellar. 

In  the  etony  phase  the  phosphate  has  been  deposited  in  a  sili- 
ceous limestone,  replacing  the  lime.  It  alternates  with  beds  of 
stony  chert,  and  contains  usually  only  about  50  per  cent  lime  phos- 
phate, but  is  not  worked.  The  brecciated  form,  which  is  the  most 
abundant,  consists  of  angular  fragments  of  Carboniferous  chert  in 
a  phosphate  matrix.  These  chert  fragments  vary  from  3  to  4  inches 
in  diameter.  The  lamellar  variety  was  deposited  in  caverns  in  the 
Silurian  limestone,  and  is  therefore  of  irregular  shape  and  extent. 
Since  its  depodtion  the  limestone  has  weathered  to  a  residual  clay, 
in  whicb  the  phosphate  masses  occur. 

White  phosphate  has  thus  far  been  found  only  in  Perry  and  De- 
catur counties,  and  may  run  as  high  as  85  per  cent  Ume  phosphate. 

Hayes  has  advanced  the  theory  that  the  lime  phosphate  of  the 
white  phosphates  was  ori^nally  extracted  from  sea  water  by  or- 


is, and  accumulated  on  the  bottom  either  as  nodules  or  dis- 
seminated through  the  sediments.  Later,  when  these  strata  were 
lifted  above  sea  level  and  subjected  to  erosion  and  the  action  of  per- 
colating waters  charged  with  acids  from  the  soil,  the  phosphate  was 
leached  out  and  carried  to  lower  levels  where  it  was  redeposited 
^ther  in  cavities  or  by  replacing  hmestone. 

At  the  present  time  the  brown  rock  phosphate  is  the  most  im- 
portant commercially. 

Wyoming-Idaho-Vtah  (25,  26).  —  Large  areas  of  phosphate  rock 
have  been  discovered  in  the  western  states  (Fig.  75),  within  the 
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last  few  years.  The  deposits,  which  are  said  to  be  the  most  exten- 
ave  thus  far  discovered  in  the  world,  will  no  doubt  prove  to  be  of 
great  importance  in  the  future,  although  at  present  their  develop- 
ment has  been  retarded,  partly  by  lack  of  transportation  facilities 
and  limited  demand. 


\ 

^ 

\ 

\ 

.       \ 

«^ 

\ 

^ 

/- 

i 

i^ 

\ 

/n 

<z 

!l 

)    i 

11 

.-^ 

,-^ 

r-  ' 

1 

jSi. 

/■ 

M 

\! 

'  \j 

/ 

Fra.  77.  —  Map  of  portion  o(  LafFerty  Creek,  Ark.,  phosphate  district,  showing  por- 
tion of  phoaphat«  outcrops.  {AJler  BranneranA  Neatam,  Ark.  Agrie.  Exp.  Sla., 
Btdl.  74.) 

The  phosphate  is  found  in  rocks  of  Upper  Carboniferous  age, 

interstratified  with  shales  and  sandstones,  the  average  section  being 

as  shown  in  Pig.  76.     The  beds  strike  northwest  and  southeast,  or 

parallel    with    the 

trend  of  the  ranges 

in  which  they  out^ 

wo*M  ctafOoji  crop,  and  show  a 

'  '  '    variable    dip,    be- 

" .  Mav«t»<*ai«      cause  of  the  folding 

*  *  ^     and  faulting  that 

•■    K.fTt  -  -  ,.     has      disturbed 

them.    At  the  base 

«m  '  "  "      °^  *'^*  section  is  a 

hmestone,  which  is 

separated     by     a 

M»i.t.tio  H<iAi»H      thin  shale  from  the 

mwn  or  overlying 

phosphate  bed. 
FiQ.  78,  —  Section  m   Lafferty  Creek,   Ark.,   Phosphate    ~.  .     ,   . ,       .      _   . 
district.     (After  BTanntTatidNew,inn,ATk.AgrK.  Exp.      ^  ""^  latter  16   &  tO 

Sla.,  Buu.  74.)  6  feet  thick,  and  of 
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oolitic  character,  but  the  range  of  thickness  is  a  few  inches  to  10 
feet.  The  lime  phosphate  content  in  the  workable  beds  varies  from 
65  to  80  per  cent,  with  an  average  of  72  per  cent. 

A  knowledge  of  the  stratigraphy  in  this  region  is  of  importance,  because 
of  the  similarity  of  the  stratified  Cambrian,  Ordovioian,  and  Silurian 
sediments  to  some  of  the  Carboniferous  ones.  Some  phosphate  has  been 
shipped  from  Montpelier,  Idaho,  and  used  in  superphosphate  manufacture 
at  Martinez,  California. 

Arkansas  (9,  10,  21).  —  Phosphate  deposits  have  been  developed  on 
Lafferty  Creek,  on  the  western  edge  of  Independence  County,  but  the  beds 
extend  from  about  10  miles  northeast  of  Batesville,  to  St.  Joe  in  Searcy 
County,  a  distance  of  about  80  miles.  The  phosphate  which  forms  a 
bed  2  to  6  feet  thick  in  the  Cason  shale  of  the  Ordovician  is  light  gray, 
homogeneous  and  conglomeratic  with  small  pebbles.  It  carries  from  25 
to  73  per  cent  lime  phosphate.  The  following  section  is  shown  on  Lafferty 
Creek  (Fig.  78). 


Inchb0 


St.  Clair  limestone   .    .    % 

Brown  to  black  shale 2  0 

Low-grade  manganese  iron  ore 1  3 

Green  to  dark  gray  shale 1  2 

High-grade  phosphate 

Manganese-iron  ore 

Ix>w-0ade  phosphate 

Polk  Bayou  limestone 


The  Arkansas  phosphates  were  discovered  in  1895,  but  were  not  developed 
until  1900.  The  field  will  be  of  doubtful  importance  until  low  and  medium- 
grade  rock  is  marketable. 

The  true  natiure  of  these  phosphate  deposits  does  not  appear  to  have 
been  recognized  for  some  years. 

Branner  and  Newsom  consider  them  to  be  deep-sea  (though  not  abysmal) 
deposits,  formed  from  the  droppings  of  fishes  and  other  marine  animals,  and 
to  acciunulations  of  organic  matter  that  settled  to  the  bottom  of  the  quiet 
waters. 

Purdue  believed  the  beds  to  have  been  laid  down  near  shore  as  the  sea 
advanced  landward,  and  the  phosphatic  nature  as  due  mainly  to  fragments 
of  organic  matter,  but  may  have  been  in  part  the  droppings  of  marine 
animals.  The  conglomerate  character  is  thought  by  him  to  confirm  the 
shallow-water  theory. 

Other  Phosphate  Occurrences.  —  Phosphate,  in  the  form  of  nodules, 
white  vesicular  rock,  and  in  limestone  fragments,  occurs  along  the  contact 
of  Oriskany  (Devonian)  sandstone  and  Lower  Helderberg  (Silurian) 
limestone,  in  Juniata  County,  Pennsylvania  (17).  It  contains  30  to  54 
per  cent  bone  phosphate.  Nodular  phosphate,  although  not  worked  for 
fertilizer,  is  known  to  occur  in  Cretaceous  and  Tertiary  strata  in  Alabama 
(24),  Georgia  (19),  North  Carolina  (11),  and  Virginia  (25  o). 
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Analyses  of  Phosphates.  —  The  following  analyses  will  serve  to 
show  the  composition  of  some  native  phosphates.  Of  the  impuri- 
ties present,  lime  carbonate  is  undesirable,  since  it  neutralizes  the 
acid  used  in  phosphate  manufacture.  Iron  oxide,  alumina,  and 
silica  are  inert  impurities  displacing  just  so  much  phosphate  of 
lime. 

The  richness  of  a  phosphate  is  usually  expressed  in  terms  of  the 
tribasic-calcic  phosphate,  commonly  termed  bone  phosphate.  Of 
this  about  45.80  per  cent  is  phosphoric  acid. 

Analyses  of  Phosphate  Rock 


S 

i 

o 

2- 

1 

fn 

1 

m 

8 

1 

• 
• 

9 

4 

Bone 
Phosphate 

Tennessee 

Mt.  Pleasant 

1.05 

34.69 

2.39 

3.36 

1.40 

3.18 

4.05 

2.64 

46.76 

1.39 

76.42 

Swan  Creek, 

Hickman  Co. 

.50 

28.27 

3.14 

2.93 

1.15 

13.24 

40.50 

2.80 

White  phos- 

phate, Stone 

Quarry  Hol- 

low,   Perry 

Co.    .     .     . 

15.30 

8.23 

54.88 

22.76 

Florida 
Hard  rook 

.07 

38.84 

.96 

3.07 

.65 

.49 

2.96 

50.08 

2.46 

MgO 

.30 

Washed  land 

pebble    .     . 

.63 

34.72 

1.35 

2.53 

2.19 

4.34 

2.72 

47.95 

3.15 

.21 

River  pebble 

.56 

28.33 

1.05'2.01 

1 

3.99 

12.23 

4.90 

42.75 

2.44 

.44 

South  Caro- 

lina 

Average,  S.  C. 

Analysis 

3.68  25.61 

4.68 

11.55 

4.78 

55.91 

Guano  (31,  32).  —  Under  this  name  are  included  surface  deposits 
of  excrement,  chiefly  of  birds.  Penrose  (25)  recognizes  two  classes:  (1) 
soluble  guano,  of  recent  origin,  which  still  contains  most  of  its  soluble  in- 
gredients; (2)  leached  guano,  which  has  lost  its  soluble  constituents  by  the 
action  of  rain  or  sea  water.  Most  of  the  soluble  guano  of  commerce  was 
formerly  obtained  from  Peru,  where,  it  is  said,  the  Incas,  as  well  as  the 
early  Spaniards,  valued  it  so  highly  that  a  death  penalty  was  imposed  for 
killing  the  birds  which  produced  it.  These  deposits,  from  which  many 
thousand  tons  have  been  obtained,  are  now  exhausted.     No  large  deposits 
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of  bird  guano  are  known  in  the  United  States.     Leached  guanos  occur  on 
islands  in  the  southern  Pacific  and  in  the  West  Indies. 

Bat  guano  has  been  found  in  the  caves  of  Kentucky,  Texas  (32),  and 
many  other  states,  but  few  of  the  deposits  have  proved  large  enough  to 
work,  and  none  are  of  great  extent,  although  one  cave  in  Texas  was  known 
to  yield  1000  tons.  The  following  analysis  is  representative:  ammonia, 
9.44  per  cent;  available  phosphoric  acid,  3.17  per  cent;  potash,  1.32  per 
cent. 

Greensand.  —  This  term  is  applied  to  beds  of  marine  origin,  made  up  in 
large  part  of  the  green  sandy  grains  of  glauconite,  the  hydrated  silicate 
of  iron  and  potash.  It  also  contains  small  amounts  of  phosphoric  acid. 
Qreen  sands  (29)  are  found  at  many  localities  in  the  Cretaceous  and  Tertiary 
formations  of  the  Atlantic  Coastal  Plain,  but  New  Jersey  (28)  and  Virginia 
are  the  two  important  producers,  'the  New  Jersey  greensand  is  spread 
on  the  soil  in  its  raw  condition,  but  that  from  Virginia  is  dried  and  ground 
for  use  in  commercial  fertilizers. 

The  following  analyses  show  its  variable  composition,  and  the  com- 
paratively small  amount  of  P2O5  and  K2O  necessary  to  make  it  of  value  as 
a  fertilizer. 

Analyses  of  Greensand 


Pfemberton,  N.  J. 
Aquia  Creek,  Va. 


P.0« 

SO, 

SiO, 

CO, 

«aO 

NajO 

CaO 

MgO 

Al,08 

7.94 
7.70 

FejOa 

1.02 
.09 

.27 

50.23 
21.58 

> 
29.79 

6.32 
.37 

1.59 
.59 

1.40 
36.78 

3.45 
1.05 

20.14 

H,0 


9.00 
.76 


Uses.  —  Fertilizers  are  used  either  in  their  raw  condition  or  after 
undergoing  preparation.  Lime  carbonate  is  commonly  calcined 
before  being  spread  on  the  soil,  while  gypsum  is  first  pulverized 
before  being  sold  as  land  plaster. 

Phosphate  rock  is  treated  with  sulphuric  acid  to  produce  superphos- 
phate or  acid  phosphate,  and  in  this  treatment  ammoniates,  or  potash,  or 
both,  are  sometimes  added  to  the  material.  Concentrated  phosphate  is 
made  by  treating  the  phosphate  rock  with  enough  sulphuric  acid  to  en- 
tirely decompose  it,  converting  all  the  lime  into  sulphate,  the  phosphoric 
acid  solution  being  drawn  off  and  further  treated  with  additional  quantities 
of  high-grade  phosphate.  Since  this  form  of  phosphate  therefore  requires 
raw  materials  of  a  high  grade,  and  is  much  more  extensively  manufactured  in 
Europe  than  in  the  United  States,  most  of  the  high-grade  Florida  rock  is 
exported. 

Production  of  Fertilizers.  —  The  production  of  phosphate  in  the 
United  States  for  several  years  was  as  follows:  — 
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Exports  and  Imports.  —  The  following  table  shows  what  a  large 
percentage  of  the  phosphate  rock  produced  in  the  United  States  is 
exported. 

Production  and  Exportation  op    Phosphate  Rock   in*  the    United 

States,  1904  to  1908,  in  Long  Tons 


Ykar 

Produc- 
tion 

Exporta- 
tion 

Ykar 

Produc- 
tion 

Exporta- 
tion 

1904 

1.874,428 

842.484 
934.940 
904,214 

1907 

1908 

2,265.343 
2,386.138 

1,018,212 
1.188.411 

1906 

1.947,190 
2,080,957 

1906 

These  exports  are  sent  to  all  parts  of  Europe,  Germany  being  the 
largest  consumer.     The  imports  since  1904  have  been  as  follows:  — 

Fertilizers  imported  and  entered  for  Consumption  in  the  United 

States,  1904-1908,  in  Long  Tons 


Ybab 

Guano 

KllMBRrnB   AND 

Kainitb 

Apatite.  Bone  Pust. 

CruDB  PHOePHATEB, 

and      other     Sub- 
stances USED  ONLT 
FOR  MaNURB 

Total 
Valub 

Quantity 

Value 

Quantity 

Value 

Quantity 

Value 

1904  .     . 

1905  .     . 

1906  .     . 

1907  .     . 

1908  .     . 

37.127 
27.104 
23.222 
30,287 
6,728 

$498,702 

379,667 

322,766 

400.054 

92.659 

218,957 
351,053 
334,843 
346,266 
129,063 

$1,050,082 

1,850,622 

1.790.969 

2.526.584 

730.934 

243,130 
197,115 
211,274 
194.121 
96.091 

$2,455,618 
2.450.835 
2,598,451 
2,579.843 
1,153,002 

$4,004,402 
4,681,124 
4.712,186 
5,506.481 
1,976,595 

World's  prodiLction,  —  The  table  given  below  is  of  interest  since 
it  brings  out  clearly  the  leading  position  of  the  United  States  as  a 
producer  of  phosphates. 

World's  Production  of  Phosphate  Rock,  1905-1907,  by  Countries, 

IN  Metric  Tons 


Country 


Algeria 

Aruba    (Dutch   Weat 
Indies)      .    .     .     . 

BelKium 

Canada    

Christmas  Island 
(Straits  Settle- 
ments) 

France 

Norway  . 

Spain  .     . 

Tunis .     . 

United  Kingdom 

United  States   . 


1905 


Quuitity 


334.784 

23,307 

193.305 

1.338 


99.519 

476,720 

2,522 

1.370 

521.731 


1.978.345 


Value 


$1,225,126 

42.188 

332.292 

8,876 


2,093.118 

33.768 

7,295 

1,812.493 


6,763,403 


1906 


Quantity 


333,531 

26.138 

162.140 

521 


92,010 

469.408 

3,482 

1,300 

796,000 


2.114,252 


Value 


$965,600 


282.612 
4,024 


1,872,000 

46,524 

7,592 

2.304,400 


1907 


Quantity 


373,763 


8,579,437 


Value 


$2,142,352 


748 


431.237 


1,069,000 

43 

2,301.588 


6,018 


1,876,736 


224 

10,653,558 


^  Value  not  reported. 


*  Statistics  not  yet  available. 
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CHAPTER  IX 


ABRASIVES 


Introductory.  —  Under  this  heading  are  included  those  natural 
products  which  are  employed  for  abrasive  purposes.  Since  the 
main  use  of  some  is  not  for  work  of  abrasion,  they  are  simply  re- 
ferred to  briefly  in  this  chapter,  the  detailed  description  of  them 
being  given  on  another  page.  Brief  reference  will  also  be  made 
to  some  artificial  compounds  which  come  into  serious  competition 
with  the  natural  ones. 

While  some  abrasive  substances  occur  as  constituents  of 
veins,  or  in  disseminated  form,  the  great  majority  form  a  part 
of  rocks  of  either  sedimentary,  igneous,  or  metamorphic  origin, 
and  of  various  degrees  of  consolidation.  That  they  are  widely 
distributed  both  geologically  and  geographically  is  shown  in  the 
following  description  of  the  individual  groups,  and  the  map 
(Fig.  79):  — 


Fio.  79.  —  Map  showing  distribution  of  abrasives  in  United  States. 
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Millstones  and  Buhrstones^  (2)  are  stones  of  large  diameter 
used  for  grinding  cereals,  paint  ores,  cement  rock,  barite,  fertilizers, 
etc.  The  American  stones  are  either  coarse  sandstone  or  quartz 
conglomerate,  and  are  quarried  at  several  points  along  the  eastern 
side  of  the  Appalachian  Mountains  from  New  York  to  North  Caro- 
lina. The  most  important  beds  are  in  the  Shawangunk  Grit,  which 
is  quarried  in  the  Shawangunk  Moimtains  of  eastern  New  York 
(20,  21).  Some  are  also  quarried  in  Pennsylvania,  North  Carolina, 
and  Virginia  (22).  The  material  adapted  to  millstones  is  very 
limited  in  extent.  Some  of  the  stone  is  also  cut  into  chasers,  used 
for  grinding  quartz  and  feldspar.  Owing  to  the  use  of  improved 
grinding  machinery  the  demand  for  millstones  has  fallen  off  greatly 
in  recent  years. 

Many  buhrstones  are  imported  from  France,  Belgium,  and  Ger- 
many. Those  from  the  first  two  localities  are  hard,  cellular  rocks, 
consisting  of  a  mixture  of  fine  quartz  particles  and  calcareous  mate- 
rial; but  the  German  buhrstone  is  basaltic  lava. 

Grindstones  (2,  13).  —  These  are  made  from  sandstones  of  homo- 
geneous texture  and  sufficient  cementing  material  to  hold  the  quartz 
grains  together,  but  not  enough  to  so  fill  the  pores  as  to  make  the 
rock  wear  smooth  imder  use.  Most  of  the  grindstones  produced  in 
the  United  States  are  obtained  from  the  Berea  grit  of  Ohio  (PL 
XXIV,  Fig.  1)  and  Michigan,  certain  layers  of  which  are  highly 
prized  for  this  purpose.  West  Virginia,  Montana,  and  Missouri  also 
contribute  to  the  output. 

Pulpstones,  which  have  a  diameter  of  48  to  56  inches,  a  thickness 
of  16  to  26  inches,  and  a  weight  of  2300  to  4800  pounds,  are  a  thicker 
variety  of  grindstone.  They  are  used  for  grinding  wood  pulp  in 
paper  manufacture,  and  hence  have  to  withstand  continual  ex- 
posure to  hot  water.  On  account  of  their  superior  quality,  pulp- 
stones  from  Newcastle-upon-Tyne,  England,  supply  most  of  the 
American  demand;  but  it  is  probable  that  certain  beds  of  the  Ohio 
sandstones  will  be  found  suited  for  this  purpose  (2). 

Whetstones,  Oilstones  (2, 13, 17),  etc.  —  The  term  "  whetstone '' 
includes  those  stones  used  for  sharpening  tools,  the  term  "  oilstone  " 
being  often  applied  when  oil  is  placed  on  the  stone  to  prevent  heat- 
ing and  clogging  of  the  pores  by  grains  of  steel.  The  stones  used 
for  making  whetstones  are  either  sedimentary  or  metamorphic  in 
character,  and  include  sandstone,  quartzite,  mica  schist,  and  novac- 

i  The  term  buhrstone  belongs  properly  to  those  millstones  made  of  a  chalcedonio 
cellular  rock,  full  of  cavities,  some  of  them  representing  casts  of  shells. 


Plate   XXIV 


-  Grindfltone  qunny,  Tippecanoe,  Ohio.     (J.  H.  Pratt,  photo.) 
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ulite.  The  stone  selected  will  naturally  vary  somewhat  with  the 
exact  use  to  which  it  is  to  be  put,  but  even  texture  and  compara- 
tively fine  grain  are  essentials.  A  small  amoimt  of  clayey  matter 
adds  to  the  fineness  of  grinding,  but  an  excess  lowers  the  abrasive 
efficiency  of  the  stone.  In  the  schists  used,  abrasive  action  is  due 
to  the  grains  of  quartz,  or  sometimes  garnet,  which  are  embedded 
among  the  fine-grained  scales  of  mica. 

Rocks  suitable  for  whetstone  manufacture  are  found  in  many 
states,  especially  east  of  the  Mississippi  (2, 13),  but,  on  accoimt  of 
keen  competition  and  hmited  demand,  only  the  better  grades  from 
the  best-located  deposits  are  employed.  Most  of  the  supply  is 
therefore  obtained  from  a  few  states,  especially  Arkansas,  Indiana, 
Ohio,  New  York,  Vermont,  and  New  Hampshire. 

Among  the  whetstones  quarried  in  the  United  States,  the  Hindo- 
stan  or  Orange  stone  of  Indiana  and  the  Deerlick  oilstone  of  Ohio  are 
much  used  for  oilstones.  Sc3rthestones  are  made  from  schistose  rock 
in  Grafton  County,  New  Hampshire,  and  Orleans  County,  Vermont. 

At  Pike  Station,  N.  H.  (PL  XXII,  Fig.  2),  the  raw  material 
quarried  for  scythestones  is  a  fine-grained,  thinly  laminated,  mica- 
ceous sandstone,  whose  quartz  grains  occur  in  definite  layers,  separ- 
ated by  thin  layers  of  mica  flakes.  Those  portions  of  the  rock 
in  which  the  quartz  grains  are  coarse  or  irregularly  disposed,  as  well 
as  argillaceous  portions,  are  imfit  for  abrasive  purposes.^ 

The  novaculite  quarried  in  Garland  and  SaUne  counties,  Arkan- 
sas (17),  represents  a  unique  type,  much  prized  for  high-grade 
oilstones  for  sharpening  small  tools,  and  in  demand  both  at  home 
and  abroad.    It  is  an  extremely  fine  grained  sandstone  made  up  of 
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Fio.  80.  North-south  section  through  Missouri  and  Statehouse  Mountains  show- 
ing folded  character  of  novaculite  and  slate-bearing  formations  of  Arkansas,  a. 
Bigfork  chert;  h.  Polk  Creek  shale;  c.  Missouri  Mountain  slate;  d.  Arkansas 
novaculite;   e,  Stanley  shale.     {After  Purdue,  Ark.  Geol.  Surv.,  1909.) 

finely  fragmental  quartz  grains,  visible  imder  the  microscope.  The 
rock  is  chertlike  in  superficial  appearance  and  has  a  conchoidal 
fracture.  While  the  deposits,  which  are  stratified,  have  a  total 
thickness  of  over  500  feet,  the  commercial  novaculite  is  found  only 
in  thin  beds  varying  from  a  few  inches  to  15  feet  in  thickness.    The 

»  Min.  Res.,  U.  S.  Geol.  Surv.,  1908. 
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beds  have  a  steep  dip  (PL  XXV  and  Fig.  80),  and  are  cut  by  sev- 
eral series  of  joints,  which  greatly  interfere  with  the  e3diraction  of 
large  blocks,  and  sometimes  even  with  small  ones.  There  are  also 
structural  irregularities  and  almost  invisible  flaws,  so  that  much 
waste  is  caused  in  quarrying  the  rock.  The  rock  has  been  variously 
regarded  as  a  metamorphosed  chert,  a  siliceous  silt,  or  a  silicified 
limestone. 

Pumice  and  Volcanic  Ash.  —  The  term  "  pumice,"  as  used  in 
the  geological  sense,  refers  to  the  light  spongy  pieces  of  lava,  whose 
peculiar  texture  is  due  to  the  rapid  and  violent  escape  of  steam 
from  the  molten  lava.     It  is  put  on  the  market  either  in  lump  form, 

or  ground  to  powder,  or  in  com- 
pressed cakes  of  the  ground-up 
material.  In  the  commercial 
sense  the  term  "  pumice  "  in- 
cludes volcanic  ash  (Fig.  81)  as 
well  as  true  pumice. 

Most  of  the  pumice  used  in 
the  United  States  is  obtained 
from  the  island  of  Lipari,  north 
of  Sicily.  The  stone,  after  being 
freed  from  the  volcanic  ash  with 
which  it  is  mixed,  is  sorted  ac- 

FiG.    81. —  Volcanic   ash  from   Madison     cording  tOColor,  weight,  and  size, 
County,  Mont.     {After  J.  P,  Rowe.)         ,-        •.•!_•         jj.  ix 

before  it  IS  shipped  to  market. 

Deposits  of  volcanic  ash  are  abundant  in  many  western  states, 
for  example,  in  Nebraska  (10),  Utah  (13),  Montana  (14),  Oregon 
(12),  Wyoming  (11),  Colorado  (15),  etc.,  but  owing  to  their  inacces- 
sibility these  materials  cannot  compete  with  Lipari  pumice,  which 
is  imported  as  ballast,  and  sells  in  its  prepared  form  for  2  to  2|^  cents 
per  pound.  The  pumice  produced  in  the  United  States  comes  from 
Harlan  and  Lincoln  counties  in  Nebraska.  The  deposits  must  be 
very  abundant  in  this  state,  as  Barbour  remarks  that  nearly  the 
whole  of  it  is  overlain  by  pumice  beds  as  far  east  as  Omaha. 

Diatomaceous  Earth.^  —  This  material  has  been  used  to  some 
extent  for  abrasive  purposes,  either  in  the  form  of  polishing 
powder  or  in  scouring  soap.  Since  it  has  many  other  and  more 
important  possible  applications,  it  is  described  separately  on  a 
later  page. 

1  Infusorial  earth  and  Tripoli  are  terms  sometimes  applied  to  Diatomaceous 
earth.     Both  are  incorrect. 


ABRASIVES  206 

Tripoli.  (See  p.  290.)  —  Some  of  the  Missouri  tripoli  is  ground 
and  sold  as  tripoli  flour,  whose  value  f.o.b.  is  $6-$7  per  ton.  This 
flour  is  employed  as  an  abrasive  for  general  polishing,  burnishing, 
and  buffing,  as  well  as  an  ingredient  of  scouring  soaps. 

The  so-called  "  silica  "  obtained  in  Union  County,  Illinois,  is 
siihilar  to  tripoli,  and  may  have  had  the  same  origin. 

Crystalline  Quartz  (2, 13).  —  Some  of  the  vein  quartz  quarried 
in  the  United  States,  and  also  quartzite,  is  pulverized  and  used  for 
abrasive  purposes.  Considerable  quartz  sand  is  employed  by 
stone  cutters  as  an  abrasive  in  sawing  stone,  and  a  small  quantity  is 
utilized  in  making  sandpaper.     (See  further,  p.  274.) 

Feldspar  (13).  —  This  also  is  used  to  a  small  extent  for  abrasive 
purposes,  but  since  it  has  other  and  more  important  uses  it  is  dis- 
cussed separately  on  p.  225. 

Garnet  (13,  16).  —  The  garnet  group  includes  several  mineral 
species  which  are  essentially  siUcates  of  alumina  with  iron  or  lime, 
magnesia,  manganese,  and  chromium.  They  crystallize  in  the  iso- 
metric system,  have  a  hardness  of  6.5  to  7.5  and  a  specific  gravity 
of  3.56  to  4.30.  Their  color  is  variable,  but  commonly  a  shade 
of  red  or  brown.  The  two  commonest  species  are  AUnandite 
[Fe8Al8(Si04)8]  and  Grossidarite  [Ca»Al8(Si04)3]. 

Garnet  is  a  common'  mineral  in  many  metamorphic  rocks,  and 
though  ordinarily  a  subordinate  constituent  of  these,  it  may  in 
some  cases  become  the  chief  one.  Its  hardness,  together  with  its 
ready  cleavage  and  splintery  fracture,  make  it  a  most  valuable 
abrasive  for  certain  Unes  of  work. 

Though  widely  distributed,  deposits  of  economic  value  are  com- 
paratively scarce. 

New  York  (16).  —  The  garnet  industry  is  an  important  one  in 
the  Adirondack  region  of  New  York,  a  steady  production  coming 
from  Essex  and  Warren  counties.  The  garnet  is  commonly  as- 
sociated with  an  amphibolite  which  forms  bands  and  lenses  in  the 
more  acid  country  gneiss,  and  crystals  ranging  from  an  inch  or  less 
up  to  several  feet  in  diameter  are  found.  The  garnet  rock  may 
represent  a  metamorphosed  hmestone.  Other  deposits  have  been 
exploited  near  Keeseville,  etc. 

Garnet  deposits  are  known  to  occur  in  North  Carolina,  and  have 
been  worked  from  time  to  time,  especially  in  Madison  County. 
A  little  has  also  been  produced  in  New  Hampshire. 

Uses,  —  Garnet  is  used  in  the  manufacture  of  garnet  paper, 
being  a  valuable  abrasive  for  leather  and  wood.     It  has  also  been 
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employed  in  polishing  and  grinding  brass.  Attempts  have  been 
made  to  use  it  as  a  substitute  for  corundum  in  the  manufacture  of 
emery  wheels,  for,  although  softer,  it  possesses  the  advantage  of 
having  a  spUntery  fracture,  which  prevents  it  from  wearing 
smooth. 

Corundum  and  Emery  (3-9).  —  Corundum  (AljOa)  is,  next' to 
diamond,  the  hardest  of  the  natural  abrasives  known,  having  a 
hardness  of  9,  but  varying  slightly  from  this. 

Its  fracture  is  irregular  to  conchoidal,  and  gives  a  good  cutting 
surface,  but  the  presence  of  parting  planes  decreases  its  value.  A 
specific  gravity  of  4  helps  to  distinguish  it  from  other  light-colored 
minerals  found  in  the  corundum  regions.  Corimdum  shows  a 
variable  behavior  when  heated,  some  forms  crumbling  when  ex- 
posed to  a  high  temperature.  Such  kinds  are  worthless  for  the 
manufacture  of  emery  wheels,  all  of  which  must  be  fired  in  order  to 
fuse  the  clay  bond  used  in  their  manufacture. 

Nearly  all  corundum  analyses  show  SiOa,  Fe^Os,  and  H2O,  and  it 
must  be  remembered  that  in  analyses  of  commercial  corundum 
the  alumina  percentage  does  not  indicate  the  quantity  of  corundum 
present,  as  some  of  it  may  belong  to  other  aluminous  silicates. 

The  following  analyses  represent  selected  rather  than  commercial 
samples:  — 

Analyses  op  Corundum 


Al,05 

Fe,Oa 

SiO, 

H,0 

Ins. 
Res. 

Total 

Hastings  Co.,  Ont 

Corundum  Hill,  N,  Ca.   .     .     . 
Tjaurel  Creek  Mine,  Ga.   .     .     . 

Ruby  from  India 

Sapphire  from  India   .... 

96.92 
98.79 
95.51 
97.32 
97.51 

.75 

.88 

1.09 

1.89 

.90 
1.45 
1.21 

.80 

2.43 

.78 
.74 

1.36 

100.71 
101.22 

98.58 

99.62 

100.20 

Corundum  may  occur  in  masses,  crystals,  or  irregular  grains. 
It  is  found  in  both  igneous  and  metamorphic  rocks,  as  well  as  in 
alluvial  deposits  derived  from  them,  although  the  last  supply  but 
Uttle  abrasive  corundum. 

Corundum  forms  a  primary  constituent  (sometimes  an  important 
one)  of  feldspathic  igneous  rocks,  both  high  and  low  in  silica.  It 
is  found  in  granite,  syenite,  nephelite-syenite,  and  coarse  pegma- 
tites. It  is  also  known  to  occur  in  crystalline  schists  and  meta- 
morphosed limestones. 


A  QUmber  of  other  minerals  may  be  associated  with  it  as  follows  (5): 
Atsoeialed  minerals. 

In  gneiss  and  granite  :  Besides  essentials,  garnet  magnetite,  pyrite 
zircon,  rarely  monazite  and  sodalite. 

In  peridotites  and  basics  :  Olivine,  magnesian  amphibole,  pyroxenes, 
rarely  plagioclase,  while  chromite  and  spinel  are  accessory  primaries. 

In  contact  zones  :  corundum,  biotite,  muscovite,  garnet,  BtauroUt«, 
tourmaline,  mtile,  etc. 

In  r^onally  metamorphosed  rocks:  biotite,  musoovite,  amphibole,  silli- 
m&nite,  oyanite. 

Distribution.  —  With  the  exception  of  a  few  localities  in  Mon- 
tana, two  in  Colorado,  one  in  Idaho,  and  one  or  two  in  California, 
all  the  known  United 
States  occurrences 
are  confined  to  the 
Appalachian  region, 
the  commercially 
valuable  deposits  for 
abrasive  purposes 
being  found  in  a  belt 
of  basic  magnesian 
rocks,  extending  from  ' 
Massachusetts  to  Al- 
abama. These  rocks 
reach  their  greatest 
development  in 
North    Carolina    (5)    Pio.  82.  —  Section  showing  c 

and   Georgia  (3). 
Most  of  the  corun- 
dum is  found  there,  in  peridotit«,  especially  near  its  contact  with 
the  surroimding  gneiss. 

It  is  believed  that  the  corundum  which  was  one  of  the  earlieat 
minerals  to  crystallize  out  from  the  cooling  peridotite  was  concen- 
trated around  the  borders  of  the  mass  by  convection  ciurents.  Tliis 
zone  of  corundum  sent  off  tongues  toward  the  interior  of  the  mass, 
and  now  that  erosion  has  removed  the  m^n  zone  of  cornndum, 
these  tongues  remain  as  apparently  separate  veins  within  the  peri- 
dotite {Fig.  82). 

In  North  Carolina  (5)  the  greatest  development  of  corundum  is  in  a  belt 
in  Macon  County.  Some  is  also  found  east  of  the  Blue  Ridge.  Georgia 
(3)  oontaina  scattered  deposits,  the  moat  important  being  at  Pine  Mountain, 
Rabun  County.    Some  mining  has  been  done  in  South  Carolina  and  Geor^ 
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gia,  and  dex>osits  in  gametiferous  mioa  schists  cut  by  granite  have  been 
recorded  from  Patrick  County,  Virginia  (9). 

Emery.  —  This  is  a  mechanical  mixture  of  corundum,  magnetite 
or  hematite,  and  sometimes  spinel.  Peekskill,  New  York  (fr-8),  and 
Chester,  Massachusetts,  are  the  most  important  sources  of  pro- 
duction. 

At  the  former  locality,  the  deposits  which  lie  southeast  of  the  town, 
and  were  first  opened  for  iron  ore,  occur  along  the  contact  of  basic  intrusions 
belonging  to  the  gabbro  series.  The  emery  deposits,  according  to  G.  H. 
Williams,  are  simply  segregations  of  the  basic  oxides  in  the  norite,  and  the 
ore  is  made  up  of  corundum,  magnetite,  and  hercynite  (an  iron-aluminum- 
spinel).  In  some  specimens  the  corundum  forms  over  50  per  cent  of  the 
mass,  while  in  others  the  hercynite  may  make  up  nearly  100  per  cent  of  it. 
The  Peekskill  material  is  very  serviceable  when  made  into  wheels  with  a 
bond.     The  following  are  analyses  of  it. 


ALO,  . 

SiO, .  . 

TiO,.  . 

Fe     .  . 

E??S»  ■ 

McO 
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II 
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— 

— 

4.15 
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40.32 

— 

— 

— 

24.35 

32.31 

— 

7.92 

9.43 

— 

tr. 

tr. 

— 

11.19 

2.42 

— 

17.37 

8.08 

— 

.02 

.01 

III 


I.  Am.  Chemist,  1874,  4: 321.    II  and  III.  A.  J.  S.,  March,  1887,  p.  197. 

At  Chester,  Massachusetts  (13),  the  emery  occurs  in  a  local  widen- 
ing of  a  belt  of  amphibolite  schists,  and  forms  a  vein  traceable  for 
nearly  five  miles.  The  emery-bearing  vein  varies  in  width  from  a  few 
feet  up  to  10  or  12  feet,  while  the  emery  streak  in  it  averages  about 
6  feet,  it  being  bordered  on  both  sides  by  chlorite  seams.  The  emery 
is  in  pockets,  but  these  are  traceable  by  a  small  vein  of  chlorite. 

After  mining,  both  corundum  and  emery  need  to  be  cleaned  and 
concentrated  by  special  mechanical  processes.  The  chief  use  of 
this  material  is  as  an  abrasive,  and  for  this  purpose  it  is  used  in  the 
form  of  wheels  and  blocks,  emery  paper,  and  powder. 

Practically  all  the  corundum  and  emery  used  in  the  United 
States  is  imported.  The  emery  is  imported  crude  as  ballast  from 
Turkey  and  Greece.  Corundum  is  imported  mainly  from  Canada 
in  pulverized  form. 

Diamonds.  —  Black  diamonds,  known  as  borts  and  carbonados^ 
which  are  of  no  value  for  gem  purposes,  are  much  sought  after  for 
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use  in  drilling,  being  set  in  the  end  of  the  cylindrical  drill  tube. 
They  are  often  of  roimded  form,  translucent  to  opaque,  and  lack 
the  cleavage  possessed  by  the  gem  diamonds.  Brazil,  Africa, 
Borneo  and  India  serve  as  sources  of  supply,  but  the  first-named 
country  is  said  to  yield  the  best  ones.  The  ordinary  sizes  for  drills 
weigh  from  ^  to  1  carat,  but  in  special  cases  pieces  weighing  4  to  6 
carats  are  used.     The  price  ranges  from  $50  to  $75  per  carat. 

Diamond  powder  is  also  used  as  an  abrasive  for  cutting  other 
diamonds,  gems,  glass,  and  hard  materials  which  cannot  be  cut  by 
softer  and  cheaper  substances. 

Artificial  Abrasives.  —  Several  artificial  abrasives  are  now  much 
manufactured.  Prominent  among  these  is  carbonmdum,  which  is 
produced  by  fusion  in  the  electric  furnace  of  a  mixture  of  silica, 
coke,  and  sawdust;  the  reaction  being  SiOj  4-  3  C  =  CSi  +  2  CO- 
The  sawdust  is  added  to  give  porosity  to  the  mixture. 

Artificial  corundum  or  alundum,  whose  introduction  is  of  more 
recent  date,  is  made  by  fusing  bauxite  in  the  electric  furnace.  It  is 
put  on  the  market  in  the  form  of  wheels,  while  carborundum  is 
either  made  into  wheels  or  sold  in  powdered  form. 

Production  of  Abrasives.  —  The  value  of  the  abrasives  produced 
in  the  United  States  during  the  last  five  years,  together  with  the 
imports  and  artificial  abrasives,  was  as  follows: — 


Value  of  All  Abrasive  Mateiuals  Consumed  in  the  United 

States,  1904  to  1908 


KiKD  OF  Abrasivb 

1904 

1905 

1906 

1907 

1908 

Oilstones  and  scythestones  .     .     . 
Grindstones  and  pulpstones    .     . 
Buhrstones  and  millstones  .     .     . 
Pumioe     .     .     .     , 

$188,985 

881.527 

37,338 

6.421 

44.164 

74,850 

117.581 

67.235 

$244,546 

777,606 

37.974 

5.540 

64.637 

88.118 

148,095 

61.464 

$268,070 

744.894 

48.590 

16.750 

72,108 

121.671 

167,000 

44.310 

$264,188 

896,022 

31,741 

33,818 

104,406 

126,582 

211,686 

12.294 

$217,284 

536,095 

31.420 

39.287 

Diatomaceous  earth  and  trii>oli    . 
Abrasive  feldspar  and  quarts   .     . 
Garnet 

97.442 
79.146 
64,620 

Corundum  and  emery    .... 

8.745 

Total 

$1,407,101 

830,926 
647,804 

$1,427,980 

701,400 
654,821 

$1,473,393 

777,081 
909,964 

$1,680,737 

1.027.246 
754.140 

$1,074,039 

Artificial  abrasive 

Imports 

626.340 
476.073 

Grand  Total 

$2,785,831 

$2,784,001 

$3,160,438 

$3,462,123 

$2,176,452 

REFBREHCES  ON  ABRASIVES 

General  :   1.  King,  Ga.  Geol.  Surv.,  BuD,  2  :  119,  1894.    2.  Pratt,  U.  S. 

Geol.  Surv.,  Min.  Res.,  1900  :  787,  1901.  —  Corundttm  and  Emery  : 

3.  King,  Ga.  Geol.  Surv.,  Bull.  2  :  73,  1894.   (Georgia.)     4.  Pratt, 

U.  S.  Geol.  Surv.,  Bull.  269,  1906.     (United  States.)     5.  Pratt  and 

p 
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Lewis,  N.  Ca.  Geol.  Surv.,  I,  1905,  (Corundum,  N.  Ca.)  6.  Ma^mus, 
N.  Y.  State  Geologist,  23d  Ann.  Rept.  :  163,  1904.  (N.  Y.  emery.) 
7.  Williams,  G.  H.,  Amer.  Jour.  Sci.,  iii,  XXXIII  :  194, 1887.  (N.  Y. 
emery.)  8.  Nevius,  N.  Y.  State  Mus.,  53d  Rept.,  1901.  (New  York 
emery.)  9.  Watson,  Min.  Res.  Va.,  1907.  (Va.  corundum.)  9  a. 
Sloane,  S.  Ca.  Geol.  Surv.,  Ser.  IV,  Bull.  2  :  150, 1908.  (S.  Ca.  corun- 
dum.) —  Diatomaceous  earth :  See  references  on  p.  224.  —  Pumice  and 
volcanic  ash  :  10.  Barbour,  Neb.  GeoL  Surv.,  I  :  214, 1903.  11.  Bar- 
ton and  Siebenthal,  U.  S.  Geol.  Surv.,  Bull.  364  :  65, 1907.  (Wyoming.) 
12.  DiUer,  U.  S.  Geol.  Surv.,  Prof.  Pap.  3  :  40,  1902.  (Oregon.)  13. 
Merrill,  G.  P.,  Non-metallic  Minerals,  New  York,  1904.  14.  Rowe, 
Bull.  Univ.  Mont.,  No.  17,  Geol.  Ser.  No.  1,  1894.  (Montana.)  15. 
Woolsey,  U.  S.  Geol.  Surv.,  Bull.  285  :476,  1906.  (Colorado.)  — Gar- 
net :  16.  Newland,  N.  Y.  State  Mus.,  Bull.  102  :  70, 1906.  (New  York.) 
Also  Ref.  13.  Whetstones,  Grindstones,  and  Millstones  :  17.  Gris- 
wold,  Ark.  Geol.  Surv.,  Ann.  Rept.,  1890,  III,  1892.     (Ark.  novaculite.) 

18.  Grimsley,  W.  Va.  Geol.    Surv.,   IV  :  375,   1909.     (Grindstones.) 

19.  Kindle,  Ind.  Dept.  Geol.  and  Nat.  Res.,  20th  Ann.  Rept.  :  329, 
1896.  (Indiana.)  20.  Nason,  N.  Y.  State  Geol.,  13th  Ann.  Rept.,  I  : 
373,  1894.  (N.  Y.)  21.  Newland,  N.  Y.  State  Museum,  Bull.  102  : 
110, 1906.  (N.  Y.)  22.  Watson,  Min.  Res.  Va.  :  401,  1907.  (Grind- 
stones.) —  Tripoli :    See  references,  p.  291. 


CHAPTER  X 

MINOR  MINERALS.     ASBESTOS 

Asbestos  Minerals  (1,  13).  —  Two  dififerent  minerals  are  mined 
and  sold  under  this  name,  one  a  variety  of  amphibole,  the  other  a 
fibrous  variety  of  serpentine,  known  as  chrysotiie. 

The  amphibole  asbestos  forms  pockets  or  masses  (mass  fiber) 
or  veins  in  gneissic  or  schistose  rocks,  and  is  of  a  white,  gray,  or 
greenish-white  color.  The  veins  may  carry  either  slip  fiber,  whose 
threads  He  parallel  to  the  vein  walls,  or  cross  fiber,  which  extends 
across  the  vein.  The  following  is  an  analysis  of  that  found  in 
Elzevir  township,  Hastings  County,  Ontario,  Canada  (1);  SiOj, 
61.82;  MgO,  23.98;  FeO,  6.55;  CaO,  1.63;  AljOa,  1.12;  H2O,  5.45. 

The  chrysotiie  (H4MgsSi208)  usually  occiu-s  as  cross  fiber,  more 
rarely  slip  fiber,  in  veins  of  varying  width  in  serpentine  rock,  its 
color  being  greenish  white,  green,  or  yellow,  and  its  luster  silky. 
Its  hardness  is  3  to  3.5  and  its  specific  gravity  2.2  to  2.3.  The 
following,  analyses  are  given  by  Cirkel  (1). 


I 

II 

III 

SiOa 

40.30 

39.05 

40.87 

MgO 

43.37 

40.07 

41.50 

FeO 

.87 

2.41 

2.81 

AlsOs 

2.27 

3.67 

.90 

H2O 

13.72 

14.48 

13.55 

100.53 

99.68 

99.63 

I.  Italian  fiber.  II.  Chrysotiie,  Thetford,  Quebec.  Ill,  Chrysotiie, 
Broughton,  Quebec. 

The  difference  in  composition  between  the  amphibole  and  chryso- 
tiie are  quite  noticeable. 

In  both  forms  of  asbestos  the  fibers  are  easily  separated,  but  the 
amphibole  variety  often  contains  gritty  impurities  which  are  diffi- 
cult to  remove.  The  fibers  of  chrysotiie  are  shorter  than  those  of 
the  amphibole  asbestos,  rarely  exceeding  2\  inches  in  length,  but 
they  have  greater  strength  and  are  less  brittle.  Since  the  amphi- 
bole asbestos  can  be  mined  more  easily,  it  is  cheaper  than  the  chrys- 
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sotile  variety,  which,  nevertheless,  is  ia  greater  demand  because 
more  coQstaDt  ia  character  and  suited  to  more  uses.  The  two 
varieties  are  equal  in  value  as  non-conductors  of  heat. 

Distribution    in 
I  United  States.— The 

!  ancient    crystalline 

rocks  in  which  the 
famous  Quebec  de- 
ports occur,  extend 
sout  h wes  t ward 
through  the  eastern 
states,  as  far  as  Ala- 
bama, and  while  a 
number  of  small  de- 
posits of  asbestos  are 
known,  yet  nowhere 
are  there  any  large 
ones,  moreover,  most 
of  the  deposits  are  of 
the  amphibole  type. 

Vertrumt  (8,  9).— 
The  only  chrysotile 
deposit  worked  in  the 
eastern  belt  is  in  Lamoille  and  Orleans  coimties,  Vermont,  where 
the  material  is  found  occupying  a  rather  limited  area  in  a  large 
serpentine  area  (9).  Two  types  of  chrysotile  are  found,  one  form- 
ing branching  veins  ^milar  in  character  and  quality  to  the  Canadian 
fiber,  the  other,  of  inferior  quahty,  occurring  as  short  fibers  on 
slickensided  surfaces.  In  1908  a  mill  was  erected  near  Lowell, 
Vermont,  for  separating  the  fiber. 

Georgia  (2),  —  Sails  Mountain,  Georgia,  has  been  the  mcun  source 
of  supply  of  asbestos  in  the  United  States  for  over  a  dozen  years, 
the  material  being  of  the  amphibole  type.  The  asbestos  occurs  as 
masses  of  fibrous  amphibolite  (mass  fiber)  in  gneiss,  the  largest 
discovered  body  being  about  75  feet  long,  and  about  50  feet  wide 
near  the  middle.     The  amphibolite  may  be  an  altered  eruptive. 

Theflbera,  which  range  in  length  from  1^  inches  down  to  afractionof  an 
inch,  may  form  over  90  per  cent  of  the  original  rock.  They  contain  a  little 
talc  and  lime  carbonate  as  well  as  numerous  small  grains  of  pyrite  and 
magnetite  (2).  Weathering  softens  the  mass  without  destroying  its  fibrous 
structure,  but  the  strength  is  somewhat  reduced.  The  material  is  milled 
at  Sails  Mountain. 


{Photo,  bn   , 
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Virginia  (15),  —  Amphibole  asbestos  occurs  in  a  number  of  the 
Piedmont  counties  of  Virginia,  but  Bedford  has  been  the  main 
producer.  The  asbestos  is  found  in  more  or  leas  well  defined  veins 
in  granitic  or  schistose  rock,  the  vkqb  varying  from  8  to  50  inches 
in  width. 


-  Geolo^c  m&p  of  Vermont  BsbestoB  area.     (Afltr  Aforiters,  Geol.  Soe. 
Amer.,  BuU.  XVI,  1905.) 


Analtsbb  or  Vibginia,  Gborgia.  and  Vebmont  Asbbstob 

I 

11 

III 

IV 

AiA ::::::: 

FeO 

CaO 

MgO 

iRn 

56.26 
1.81 
6.40 
11.98 
20.85 
2.65 

55.8i 
1.66 
6.81 
12.74 
21.09 
1.81 

57.12 
.75 
6.36 

29.44 
5,47 

39.97 

I     '^ 

.50 

40.78 

12.51 

99.95 

99.92 

99.14 

101.03 

I.  Albemarle  Co.,  Va.  (Ref,  15),  II.  Roanoke  Co.,  Va.  (R«f.  15). 
III.  Salla  Mountun,  Georgia  (Ref.  10).  tV.  Cross  fiber  chrysotiJe,  Vw- 
mout.  (Ref.  9). 
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Western  Occurrences.  Chrysotile  id  serpentine  associated  with  granite 
has  been  found  in  the  Casper  region,  Wyoming  (3),  and  some  has  b^n  used 
in  Denver  for  pipe  covering,  but  a  more  remarkable  occurrence  is  that 
discovered  in  the  Grand  Cafion  of  the  Colorado,  20  miles  east  of  the  Grand 
Cafton  station  on  the  Santa  Fe  Railway  (4).  Here  the  asbestos  forms  veins 
in  serpentine  layers  and  nodules  which  occur  in  an  Algonkian  limestone, 
which  in  turn  is  covered  by  a  diabase.  It  is  suggested  that  the  chrysotile 
is  derived  from  pyroxene  in  the  limestone.  If  this  is  true  it  forms  a  unique 
type  of  deposit.    The  looality  is  at  present  very  inaccessible. 


Fig.  85.  —  Map  of  Quebec  a: 

Quebec,  Cansda.  —  The  m^n  source  of  the  world's  supply  is  ob- 
tained from  southern  Quebec,  and  as  it  is  the  best  known  occurrence 
it  may  be  properly  referred  to  here. 

The  geologic  relations  (Fig.  85)  of  the  serpentines  and  associated 
rocks  are  imperfectly  known,  but  it  appears  certain  that  they  rep- 


MINOR  MINERALS 


215 


resent  an  intrusive  series,  the  latest  of  which  cut  sedimentary 
beds  of  middle  Ordovician  age.  The  rocks  of  the  asbestos  belt  are 
peridotite,  generally  much  altered  to  serpentine;  pyroxenite, 
frequently  altered  to  talc;  hornblende  granite;  diabase;  and  a 
breccia,  in  part  of  volcanic  material. 

The  serpentine  is  an  alteration  product  of  peridotite,  it  and  the 
pyroxenite  being  of  laccolithic  character,  while  the  granite,  which 
forms  dikes  and  isolated  masses,  may  be  a  final  and  extremely  acid 
product  of  differentiation  of  the  general  magma  of  which  the  basic 
equivalent  is  the  olivine-rich  portion  of  the  peridotite. 


Peridotite  1       I 


Asbestos 
Soots: 


Th€  largMt  vein  /« 
two  lnoht»  midn 


Serpentine  I^IjI 

Fio.  86.  —  Diagram  showing  asbestos  and  serpentine  in  peridotite.     {After  Dresser, 

Econ.  OeoL,  IV.) 

The  asbestos  is  found  forming  veins  in  the  serpentine,  the  width 
of  these  varying  from  a  mere  line  to  two  or  three  inches.  It  devel- 
oped probably  first  in  joint  planes,  and  afterwards  in  other  cracks, 
forming  thus  a  network  (Fig.  86).  An  interesting  and  suggestive 
feature  is  the  band  of  pure  serpentine  on  either  side  of  the  vein 
(Fig.  86),  the  ratio  of  the  asbestos  vein  to  the  entire  band  of  ser- 
pentine and  asbestos  being  1 : 6.6.  The  veins  are  formed  by  the 
growth  of  minute  crystals  of  chrysotile,  perpendicular  to  the  walls, 
and  there  is  in  most  cases  a  central  parting  marked  by  a  film  of 
chromite  or  magnetite.     The  principal  mines  are  near  Thetford 
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Mines  (PL  XXVI),  Black  Lake,  East  Broughton,  and  Danville. 
The  first  named  locality  is  of  great  importance. 

The  asbestos  milling  rock  forms  from  30  to  60  per  cent  of  the 
quantity  quarried,  and  6  to  10  per  cent  of  this  is  fiber. 

There  has  been  some  difiiculty  in  explaining  satisfactorily  the 
origin  of  the  chrysotile  veins  in  serpentine,  for  we  have  here  two 
quite  different  forms  of  the  same  mineral.  Pratt,  in  attempting 
to  explain  the  ori^n  of  the  vein  filUng,  believes  that  the  fissures 
represent  contraction  cracks  formed  around  the  edge  of  the  peri- 
dotite  mass  while  cooling,  and  which  were  then  filled  by  aqueous 
solutions  from  which  the  chrysotile  crystallized.  Merrill,  on  the 
other  hand,  believes  the  fissures  to  have  been  caused  by  shrinkage 
incident  to  a  partial  dehydration  of  the  rocks  and  subsequent  fiUing 
by  crystallization  extending  from  the  walls  inward  (11,  5).  As 
suggested  by  Kemp,  a  loss  of  silica  may  also  have  produced  some 
shrinkage. 

Cirkel  (1),  believes  the  vein  crevices  to  have  been  formed  by 
partial  dehydration,  and  in  part  by  fracturing  resulting  from  the 
intrusion  of  the  granite. 

All  investigators  agree  on  the  wall  rock  being  the  source  of  the 
chrysotile.  Dresser  (5),  while  admitting  the  filling  of  the  veins  by 
infiltration,  suggests  that  they  have  been  enlarged  by  replacement 
of  the  walls.  But  the  serpentinization  of  the  latter  precedes  the 
formation  of  the  asbestos. 

Uses  of  Asbestos.  —  The  usefulness  of  asbestos  depends  mainly 
on  the  flexibility  of  its  fibers,  and  fibrous  structure,  and  to  a  less 
extent  on  its  low  conduction  of  heat  and  electricity,  and  on  its 
moderate  refractoriness.  Asbestos  is  used  in  fire-proof  paints, 
boiler  coverings,  for  packing  in  fire-proof  safes,  and  for  electric  in- 
sulation where  some  heat  resistance  is  necessary.  Chrysotile  is 
also  used  in  making  fire-proof  rope,  felt,  tubes,  cloth,  boards, 
blocks,  etc.  Asbestic  is  a  name  given  to  short-fibred  chrysotile 
mixed  with  serpentine.  Asbestine  is  a  pigment  of  which  asbestos  is 
an  important  ingredient,  and  serves  to  hold  up  other  heavier  pig- 
ments. Asbestos  is  also  used  for  filtering  in  chemical  work,  and 
for  this  purpose  the  amphibole  asbestos  is  better  adapted.  Many 
patented  mixtures  of  asbestos  and  other  materials,  such  as  Portland 
cement,  etc.,  are  now  used  for  making  such  products  as  asbestos 
wood,  asbestos  slate,  asbestolith,  etc. 

Production  of  Asbestos.  —  The  United  States  is  the  largest  pro- 
ducer of  manufactured  asbestos  products,  but  less  than  one  per  cent 
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of  the  raw  material  is  mined  in  this  country.     Canada  is  the  main 
source  of  supply,  and  will  no  doubt  continue  so  for  a  long  time. 
The  production  and  imports  from  1904  to  1908  were  as  follows:  — 

Annual  PRODucrnoN  and  Annual  Value  of  Imports  of  Asbestos 
INTO  THE  United  States,  1904-1908 


Ybab 


1904 
1905 
1906 
1907 
1908 


Production 


Quantity 
(short  tons) 


1.480 

3.109 

1,695 

653 

936 


Value 


$25,740 
42,975 
28,565 
11,899 
19.624 


Valus  of  Imports 


UnmanU" 
factured 


$700,572 
776,362 
1,010,454 
1,104,109 
1,068,322 


Manufac- 
turod 


$51,290 

70,117 

65,716 

200,371 

127,548 


Total 


$751,862 
846.479 
1.076,170 
1.316.379 
1,195.870 


I 


The  range  in  price  for  the  various  grades  of  Canadian  asbestos  is 
as  follows:  — 

Gradb  Price  pkr  Short  Ton 

No.  1  crude  asbe3tos $275-350 

No.  2  crude  asbestos 150-250 

Asbestos  fiber  (according  to  grading) 25-150 

Fines  (according  to  grading) 10-  25 

Asbestic  (a  by-product)  averaging  in  1907     .    .    .  Less  than  $1 

REFERENCES  ON  ASBESTOS 

1.  Cirkel,  Can.  Dept.  Inter.,  Mines  Branch,  1905.  (Canada  occurrence 
and  uses.)  2.  Diller,  U.  S.  Geol.  Surv.,  Min.  Res.,  1907  :  717,  1909. 
(Georgia.)  3.  DiUer,  Ibid, :  720,  1909.  (Wyoming.)  4.  Diller. 
Ibid.  :  720, 1909.  (Arizona.)  5.  Dresser,  Econ.  GeoL,  IV  :  130,  1909. 
(Quebec.)  6.  Jones,  Asbestos  and  Asbestic  :  Their  Properties,  Oc- 
currences, and  Use  (London),  1897.  7.  Kemp,  U.  S.  Geol.  Surv.,  Min. 
Res.,  1900  :  862,  1901.  (Vt.)  8.  Marsters,  Rept.  State  Geologist 
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to  Study  of  Non-metallic  Minerals,  296,  1901.  (General.)  11.  Mer- 
riU,  Geol.  Soc.  Amer..  Bull.  XVI  :  416,  1905.  (Origin.)  12.  Pratt, 
Mineral  Census,  1902,  Report  on  Mines  and  Quarries  :  973,  1904. 
13.  Merrill,  Proc.  U.  S.  Nat.  Mus..  XVIII  :  281.  (Asbestos  and 
asbestiform  minerals.)  14.  Pratt,  Min.  World,  July  8,  1905.  (Ariz.) 
15.  Watson,  Min.  Res.  Va.  :  285,  1907. 


BARITE 

Properties  and  Occurrence. —^  Barite,  the  sulphate  of  barium, 
contains  when  pure,  BaO  65.7  per  cent,  and  SOs  34.3  per  cent.  Its 
specific  gravity  is  4.3  to  4.6  and  its  hardness  2.5  to  3.5.     It  is  com- 
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monly  white,  opaque  to  translucent,  and  crystalline,  while  the 
texture  is  granular,  fibrous,  or  more  rarely  earthy.     The  common 
impurities  are  sihca,  lime,  magnesia,  ferric  oxide,  and  alumina,  but 
commercial  grades  cont^n  usually  over  95  per  cent  BaSO,. 
Barite  occurs  commonly  as  a  gangue  mineral  in  some  metallif- 
erous veins,  as  veins,  in  schists, 
sandstones,   and    limestones  or 
sometimes   as   replacements  of 
the   last.     In   many   localities, 
however,     the     Umestone     has 
weathered  down  to  residual  clay, 
the  barite  forming  nodular  con- 
centrations in  the   same.     De- 
posits of  commercial  value  are 
known    in    Missouri,    Virginia, 
Kentucky,  Tennessee,  and  other 
states.     Of  these  named  the  first 
is  the  most  important  producer. 
Missouri  (3).— Barite  forms  scattered  deposits  in  Washington 
and  adjacent  counties,  though  many  of  the  occurrences  are  clus- 
tered around  Mineral  Point,  Washington  County.     The  material 
is  obtained  from  the  Potosi  (Ordovician)  limestones,  in  which  it 
occurs  as  replacement  veins  (Fig,  87)  mixed  with  lead,  or  in  residual 


Fio.  87.  —  Barite  veins  in  Potosi  dolomitflt 
BDUtheaatem  Missouri,  (.After  Buck- 
lev,  Mo.  Bur,  Qeol.  and  Minet,  IX.) 


clay  with  chert  and  drusy  quartz,  the  whole  forming  a  sheet-like 
deposit,  at  no  great  depth  (Fig.  88). 

Virffinia  (11).  —  Barite  occurs  in  many  parts  of  the  state  (Fig. 
89),  but  the  industry  has  tieen  confined  mfunly  to  a  few  localities. 
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The  barite  deposits  may  be  grouped  into  three  areas,  as  follows: 
1.  Depoats  of  the  Triassic  red  shale-sandstone  series,  in  which  the 
barite  is  associated  with  red  shales  and  impure  limestones.  It  has 
been  deposited  from  solution  in  fractures  in  the  red  shales,  or 


more  rarely  as  thin,  tabular  replacement  masses  in  the  limestone. 
2.  Deposits  of  the  crystalline  metamorphic  area,  probably  for  the 
most'part  of  pre-Cambrian  age,  and  in  which  the  barite  occurs  either 
as  irregular  lenses 
of  100-200  feet  di- 
ameter in  hme- 
stone,  or  as  nodules 
in  a  residual  lime- 
stone-schist clay 
(Fig.  90).  In  one 
locality  the  barite 
fills  a  vein  in  sli- 
ceous  schists,  re- 
mote from  calcare- 
ous rocks.  3.  The 
mountain  region  of 

southwestern       Vir-  pia.  go.  — ideal  Bection  in  Bennett  Barite  Mine,  Pitt- 
cinia       Here    the  Bylvania  County,  Va.     {Aftar  Walton,  lilin.  Ret. 

f       .'  ,  ,    ,      .  Va..  1907.) 

barite,    which   is 

associated  with  the  Shenandoah  limestone  (Cambro-Ordovician), 
is  found  either  as  lumps  in  the  residual  clay,  or  in  the  fresh  rock. 
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Ltmonit« 


Bartta 


The  frequent  association  of  the  barite  with  limestone  in  all  the 
areas  is  quite  noticeable. 

The  second  region  is  the  mpst  important  producer. 

Watson  believes  that  the  source  of  the  barite  is  the  rocks  in  which 
the  deposits  are  now  found.  Thus  in  the  Valley  region  it  was  no 
doubt  derived  from  the  Shenandoah  Umestone,  while  in  the  Pied- 
mont area  it  may  have  come  either  from  the  crystalline  schists  or 
limestone  mass.  That  of  the  Thaxton  area  was  doubtless  obtained 
from  the  silicates  of  the  granite.  The  liberation  and  removal  of 
the  barium  in  solution  is  considered  to  have  been  accompUshed  by 
shallow  circulations.     The  barite  is  alws^s  crystalline  in  texture. 

Georgia  (6).  —  Barite  deposits  are  known  to  occur  near  Cartersville,  Ga., 
associated  with  the  Beaver  (Cambrian)  limestone  and  Weisner  (Cambrian) 

quartzite  (Fig.  91).  It  is 
tiiought  that  the  barite 
was  originaUy  deposited 
by  the  replacement  of 
certain  beds  of  the  shaly 
limestone  overlying  the 
quartzite,  but  it  now  forms 
nodules  and  masses  scat- 
tered through  a  residual 
clay,  and  mixed  with  some 
quartzite  fragments. 
Gravity  has  probably 
aided  in  concentrating  the 
barite  into  workable 
deposits. 

Other  Occurrences.  — 
The  barite  of  Gaston 
County,  North  Carolina,  occurs  as  lenticular  fissure  fillings  in  schist, 
associated  with  quartz,  galena,  sphalerite,  and  p3n*omorphite,  while  that 
of  South  Carolina  is  in  similar  rocks;  that  in  Tennessee  is  in  residual 
clay  overlying  the  Knox  dolomite  (Cambro-Ordovician),  and  that  found 
in  Central  Kentucky  is  in  veins  in  the  Trenton  (Ordovician)  and  mixed  with 
galena,  fiuorite,  calcite,  and  sphalerite. 

Origin  of  Barite.  —  Sulphate  of  barium  is  but  slightly  soluble, 
but  is  perceptibly  decomposed  by  a  dilute  solution  of  carbonated 
alkali.  If  present  in  one  of  the  silicates  (feldspar)  in  granite  it  might 
be  decomposed  by  sulphates  of  the  alkaHes,  lime  sulphate,  or  mag* 
nesium  sulphate,  resulting  in  precipitation  of  barium  sulphate. 

Buckley  (3)  believes  that  the  Missouri  barite  was  possibly  de- 
rived from  solutions  of  the  bicarbonate,  precipitated  with  alkaline 
sulphates. 


Shaly  limestone 

FiQ.  91.  —  Sketch  section  showing  relations  of  ba- 
rite and  limonite  to  underlying  formations  near 
Cartersville,  Ga.  (After  Hayes  and  Phalerit  U.  S. 
GeoL  Surv.,  Bull.  340.) 
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Watson  (11)  suggested  that  in  the  case  of  the  Virginia  barite  it 
was  probably  taken  into  solution  as  the  soluble  bicarbonate,  and 
precipitated  under  favorable  conditions  as  the  insoluble  sulphate. 
Laboratory  experiments  by  Dickson  (4)  with  solutions  of  barium 
carbonate  on  selenite  crystals  and  pure  anhydrite  in  presence  of 
COj,  and  on  pyrite  crystals  in  presence  of  an  oxidizing  agent,  water, 
caused  precipitation  of  bariimi  sulphate  in  each  case. 

Uses.  —  Barite,  which  is  pulverized  and  sometimes  purified  by 
washing,  is  used  in  the  manufacture  of  paper,  for  coating  canvas 
ham  sacks,  in  pottery  glazes,  and  in  the  manufacture  of  barium 
hydroxide.  Its  main  use  perhaps  is  in  white  pigments  to  mix  with 
white  lead,  zinc  white,  or  a  combination  of  both  of  these  pigments. 
Although  formerly  regarded  as  an  adulterant  of  white  pigments,  it 
is  now  considered  to  make  the  mixture  more  permanent,  less  likely 
to  be  attacked  by  acids,  and  freer  from  discoloration.  Lithophone 
paint  is  a  mixture  of  barium  sulphate  (68  per  cent),  zinc  oxide  (7.28 
per  cent),  and  zinc  sulphide  (24.85  per  cent). 

Barite  is  usually  prepared  for  the  market  by  hand  sorting,  crush- 
ing, washing  or  jigging,  bleaching,  and  grinding.  Minerals  like 
galena,  quartz,  calcite,  and  Umonite  are  common  impurities  and 
require  separation. 

Since  the  barite  deposits  are  usually  small  and  pockety,  the  mill 
must  be  located  to  permit  its  drawing  on  numerous  and  changing 
sources  of  supply. 

Production  of  Barite.  —  The  production  of  barite  for  several 
years  is  given  below.  The  decrease  in  1908  was  due  to  the  business 
depression  of  1907. 

Production  op  Crude  Barite  in  the  United  States,  1906-1908, 

BY  States,  in  Short  Tons 


Statb 


Rf^ntueky  .  . 
Misaouri  .  . 
North  Carolina 
Tenne85»eo  .  . 
Virginia  .  . 
Other  SUtM  . 


1906 


Quan- 
tity 


28.869 

6.247 
11.77.') 
'4.340 


Value 


Aver- 
ago 

price 
per 
ton 


$93,470  $3.24 

1 


8.782 
45.336 
12.770 


50.231,  $160,637 


1.67 
3.83 
2.94 


1907 


Quan- 
tity 


$3.19 


44.039 
5,785 

20,861 
9.25 1 

«  9,682 


Value 


$162,4.59 
18.855 
37.138 
32.833 
40.4U2 


89.621  $291,777 


Avor- 
age 

price 
per 
ton 


1908 


Quan- 
tity 


.'5.233 

16,3iU 
1 


$3.00 
3.20 
1.78 
3.55 
4.18,  *  4.445 


8,618 

1 


Value 


Aver- 
age 

price 
por 
tun 


$21.50t  $1.11 

60.7(i>     3.18 

1        , 

12.313'    1.43 
1  

20.077'    4.52 


S3.20   34.615  $110,662  53.20 


'  Included  in  other  states. 

'Includes,  1906.  Alabama,  Kentucky,  and  North  Carolina;  1907,  Georgia  and  Kentucky; 
1908,  Georgia,  North  Carolina,  and  Virginia. 
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Imports.  —  The  imports  of  barium  compouads  for  1906  to  1908 
fere  as  follows :  — 

Value  of  the  Imports  op  Barium  Compounds.  1903-1908 


B.„™c™,.™. 

,«, 

1907 

190S 

. 

65:242 

ei.oei 

(24.552 
85:713 

ii=s^':?f» 

Bciil'bariuiniulphatel    '.'.'.'.'.'. 

42,201 
73,131 

K35,0n 

(357.117 

(31B.IU 

REFEREnCES  OH  BARITE 

.  Anon.,  Min.  Indus..  XIV  :  44,  1906.  (Tenn.)  2.  Burehard,  U.  8. 
Geol.  Surv.,  Min.  Res.,  1906  :  lUl,  1907.  (Mo.)  3.  Buckley.  Mo. 
Bur.  Geol.  and  Mines.,  IX,  Pt.  I  :  238.  (Mo).  4.  Dickson,  Sch. 
of  M.  Quart.,  XXIII  :  366.  (Cone'n.  in  limestone.)  5.  Fay,  Eng. 
and  Min.  Jour.,  LXXXVII :  137, 1909.  (Tenn.)  6.  Hayes  and  Phalen. 
U.  S.  Oeol.  Surv.,  Bull.  340  :  458,  1908.  (Ga.)  7.  Higgins,  Eng.  and 
Min.  Jour.,  LXXIX  :  465, 1905.  (Bleaching  barite.)  8.  MiUer,  Ky. 
Geol.  Surv.,  BuU.  2  :  24,  1905.  (Ky.)  9.  Pratt,  N.  Ca.  Geol.  Surv.. 
Boon.  Pap.  6:62, 1902.  (N.  Ca.)  9  a.  Steel,  Amer.  Inst.  Min.  Engrs., 
Bull.  38  :  85. 1910.  (Mo.)  10.  Stose,  U.S.Geol.Surv.,BuU.225  ;  515, 
1904.  (Pa.)  11.  Watson,Amer.Inst.Min.Engrs.,Trans.XXXVlII: 
710,  1907.     (Va.) 


DIATOMACEOUS  EARTH 

Properties  and  Occurrence  (1.8).  —  This  material  when  pure 
is  made  up  of  the  siliceous  tests  of  diatoms  (EHg.  92).     Chemically 
it  i8  a  variety  of  opal.    It  re- 
sembles chalk  or  clay  in  appear- 
ance, but  is  very  much  lighter 
than  either  of  these,  and   can 
also  be  distinguished  from  the 
former   substance  by  the   fact 
that  it  does  not  effervesce  with 
acid.     A   microscopic  examina- 
tion serves  to  identify  it  at  once. 
Diatomaceous  earth  is  commonly 
white  or  light  gray  in  color,  but 
F.G.92.-Diatoma<*o,;..earthfromLompoc.   ^ay  be  brownish,  dark  gray,  or 
Calif.   (CoW.  Stale  Min.  Bur.,  BuU.  3s.)    even  black,  due  to  the  presence 
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of  organic  matter.  It  is  exceedingly  porous.  If  pure,  it  should 
show  little  else  than  silica  and  water  on  analysis,  but  most  earths 
show  at  least  small  amounts  of  other  substances,  and  some  contain 
a  large  amount  of  clayey  impurities  (see  analysis  VI  below). 

The  following  analyses  represent  the  composition  of  a  number 
of  American  earths:  — 

Analyses  of  Diatomaceotts  Earth 


I 

II 

III 

IV 

V 

VI 

VII 

VIII 

SiOs   .     .     . 

86.92 

72.50 

86.89 

80.53 

81.53 

63.17 

82.85 

86.515 

AI2O8      . 

4.27 

11.71 

2.32 

5.89 

3.43 

19.30 

6.76 

.449 

FesOg      . 

2.35 

1.28 

1.03 

3.34 

6.32 

2.34 

.374 

CaO  .     . 

1.60 

.32 

.43 

.35 

2.61 

.06 

.35 

.120 

MgO.     . 

tr. 

.83 

tr. 

.69 

i.oe 

12.000 

Alkalies  . 

2.48 

1.88 

3.58 

2.59 

3.14 

2.06 

TiOa  .     . 

.88 

1.09 

Ign.  loss 

■         • 

5.13 

9.54 

4.89 

12.03 

6.04 

6.39 

3.40 

100.40 

99.13 

99.39 

99.83 

99.54 

99.95 

99.91 

98.458 

I.  Porcelain  diatomaceous  shale,  Point  Sal,  Santa  Barbara  Ck)., 
Calif.  II.  Soft  shale,  Orcutt,  Santa  Barbara  Co.,  Calif.  III.  Monterey, 
Santa  Barbara  Co.,  Calif.  IV.  Lake  Umbagog.  N.  H.  V.  Pope's  Creek, 
Md.  VI.  Wilmot,  Virginia;  very  clayey.  VII.  Richmond,  Virginia. 
VIII.  Herkimer,  N.  Y. 

Distribution  in  the  United  States.  —  Diatomaceous  earth  occurs 
as  deposits  of  comparatively  small  extent  in  the  bottoms  of  ponds, 
lakes,  and  swamps,  sometimes  mixed  with  organic  matter,  or  it  may 
form  bedded  deposits  of  marine  origin  and  showing  at  times  great 
extent  as  well  as  thickness.    A  few  localities  may  be  mentioned. 

California  (1,  2,  4).  —  Important  deposits  of  diatomaceous  earth 
are  known  to  occur  at  a  number  of  points  in  the  Coast  Ranges  of 
California,  but  the  most  important,  perhaps,  are  those  found  in 
northern  Santa  Barbara  County.  There  it  occurs  mainly  in  the 
Monterey  (Middle  Miocene)  and  in  the  lower  part  of  the  Fernando 
(Upper  Miocene)  formations. 

The  deposits  range  from  those  of  high  purity,  through  impure 
shaly  beds,  to  flinty  deposits.  The  earth  is  found  interbedded 
with  volcanic  ash  at  some  localities  (south  of  Lompoc),  and  with 
limestones  at  others.  The  thickness  of  the  diatom  deposits  is  often 
remarkable,  being  2400  feet  south  of  Harris,  and  4700  feet  between 
the  Santa  Ynez  and  Los  Alamos  valleys. 
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New  York  (3,  5,  6).  —  Although  diatomaceous  earth  is  known  to 
occur  at  several  localities,  the  only  one  recently  worked  is  near 
Hinckley,  Herkimer  County,  where  it  forms  a  bed  2  to  30  feet  in 
White  Head  Lake.  It  is  purified  by  washing  and  pressed  into 
cakes. 

• 

Virginia  (8).  —  In  the  Atlantic  Coastal  Plain,  deposits  of  diatomaceous 
earth  are  not  uncommon  in  the  Miocene  (Tertiary)  formations,  and  those 
around  Richmond  have  long  been  known.  Along  the  Rappahannock 
River,  especially  below  Wilmot,  there  are  long  exposures,  the  bluffs  of  the 
material  standing  out  prominently  in  the  sunlight. 

Maryland,  —  Beds  of  diatomaceous  earth  occur  at  the  base  of  the  Calvert 
(Tertiary)  formation,  deposits  being  known  in  Anne  Arundel,  Calvert, 
and  Charles  counties.  Few  of  them  are  worked,  although  some  attain  a 
thickness  of  at  least  25  or  30  feet. 

Other  Stales.  —  Connecticut,  Massachusetts,  are  also  producers,  but  the 
deposits  are  of  limited  extent.  Other  occurrences  are  noted  on  the  map. 
Fig.  79. 

Uses.  —  Diatomaceous  earth,  on  account  of  its  porous  character, 
was  formerly  used  as  an  absorbent  of  nitroglycerine  in  dynamite, 
but  Uttle  or  none  appears  to  be  now  employed  for  this  purpose  in  the 
United  States.  It  can  be  used  for  polishing  powders,  and  as  a 
nonconductor  of  heat  it  has  been  occasionally  utilized  for  steam 
boiler  backing,  for  wrapping  steam  pipes,  and  for  fireproof  cement. 
Mixed  with  clay,  or  even  alone,  it  can  be  used  for  making  porous 
partition  brick  or  tile.  Some  of  the  California  material  can  be  cut 
into  any  desired  shape,  and  used  as  a  filter  stone,  or  even  for  build- 
ing purposes. 

In  Europe,  especially  in  Germany,  it  has  of  late  years  foimd 
extended  appUcation.  It  has  been  used  in  the  preparation  of  arti- 
ficial fertilizers,  especially  in  the  absorption  of  liquid  manures,  in  the 
manufacture  of  water  glass,  of  various  cements,  of  glazing  for  tiles, 
of  artificial  stone,  of  ultramarine  and  various  pigments,  of  aniline 
and  alizarine  colors,  of  paper,  sealing  wax,  fireworks,  gutta-percha 
objects,  Swedish  matches,  soHdified  bromine,  scouring  powders, 
papier-mach6,  and  a  variety  of  other  articles.  There  is  said  to  be  a 
large  and  steadily  growing  demand  for  it. 

The  production  is  given  under  Abrasives,  where  it  is  included 
with  Tripoli. 

REFERENCES  ON  DIATOMACEOUS  EARTH 

1.  Arnold  and  Anderson,  U.  S.  Geol.  Surv.,  Bull.  315  :  438,  1907.  (Cali- 
fornia.) 2.  Aubury,  Calif.  State,  Min.  Bur.,  Bull.  38.  3.  Cox,  Trans. 
N.  Y.   Acad.   Sol.,   XIII :  98,    1893.     (New  York.)     4.  Fairbanks, 
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U.  S.  Geol.  Atlas  FoHo,  101  :  14,  1904.  (California.)  5.  MerriU, 
N.  Y.  State  Mus.,  Bull.  15: 555.  6.  Newland,  N.  Y.  State  Mus.,  Bull. 
102  :  67, 1906.  QSTew  York.)  7.  Phalen,  U.  S.  Geol.  Surv.,  Min.  Res., 
1908.    8.  Ries,  Va.  Geol.  Surv.,  BuU.  II :  143,  1906.     (Virginia.) 

FELDSPAR 

Properties  and  Occurrence.  —  The  feldspar  group  includes 
several  species,  all  silicates  of  alumina,  with  one  or  more  of  the 
bases —  potash,  soda,  and  lime.  These  species  may  be  divided  into 
two  groups,  viz.  the  potash-soda  feldspars,  and  the  lime-soda  feld- 
spars, a  division  which  is  not  without  practical  value,  since  the  two 
groups  differ  somewhat  in  their  fusibility  and  mineral  associates. 

Orthoclase  and  microcline,  whose  composition  is  expressed  by 
the  formula  KAlSi^Og,  are  the  chief  representatives  of  the  first 
group.  Expressed  in  percentages  their  composition  is  SiOj,  64.7 
per  cent;  ObAs,  18.4  per  cent;  KjO,  16.9  per  cent.  Soda  may 
partly  or  wholly  replace  the  potash.  If  the  latter  occurs,  anortho- 
clase  results.  Potash-soda  feldspars  are  usually  pinkish  to  nearly 
white,  but  some,  as  that  mined  in  Ontario,  is  a  distinct  reddish  color. 
Nevertheless,  even  the  strongly  colored  ones  may  calcine  to  a  pure 
white  color,  and  show  a  suflSciently  low  iron  oxide  content  to  permit 
their  use  in  pottery  manufacture. 

The  lime-soda  feldspars,  or  plagioclases,  present  a  series  of  com- 
pounds ranging  from  the  soda  feldspar,  albite,  through  soda-lime 
feldspars,  to  the  pure  lime  spar,  anorthite,  at  the  other  end. 

Albite,  whose  formula  is  NaAlSijOg,  has  SiOj,  68.7  per  cent; 
AIjOs,  19.5  per  cent;  Na20,  11.8  per  cent.  Anorthite,  CaAl2Si208, 
has  Si02,  43.2  per  cent;  AljOs,  36.7  per  cent;  CaO,  20.1  per  cent. 

All  feldspars  in  melting  pass  gradually  from  a  solid  condition  to 
that  of  a  very  stiff  fluid  (5),  complete  fusion  occurring  usually 
about  Seger  cone  9  (1310*^  C).  A  mixture  of  soda  and  potash  spar 
seems  to  have  a  shghtly  lower  fusing  point,  while  the  lime  spar, 
anorthite,  does  not  melt  until  1532°  C.  (5). 

Most  of  the  feldspar  quarried  in  the  United  States  is  the  potash- 
soda  type,  but  in  some  locaHties  the  soda  spar,  albite,  may  be  present. 
If  plagioclase  is  present  in  feldspar  used  for  pottery,  it  is  generally 
albite. 

Feldspars  are  widely  distributed  in  many  igneous  and  metamor- 
phic  rocks,  but  in  most  cases  they  are  so  intimately  mixed  with 
other  minerals,  that  their  extraction  is  not  commercially  practi- 
cable, and  it  is  only  when  found  in  pegmatites  that  they  are  worked 
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Of  these  rocks,  two  types  are  recognizable,  viz.  the  granite  peg- 
matites, which  are  very  coarse-grained  and  carry  quartz,  potash 
feldspar,  muscovite,  biotite,  tourmaline,  etc.,  and  the  soda  pegma- 
tites, which  consist  mainly  of  albite  with  a  little  hornblende.  Most 
of  the  deposits  worked  in  the  United  States  belong  to  the  first  tjrpe, 
only  a  few  from  southeastern  Pennsylvania  and  northeastern  Mary- 
land falling  in  the  second  class. 

It  may  be  mentioned  here  that  all  pegmatite  deposits  are  not 
worked  for  their  feldspar  contents,  some  serving  as  soiu'ces  of  other 
minerals,  such  as  mica,  quartz,  or  gems.  Their  value  as  spar  de- 
posits depends  on  the  quantity  and  purity  of  the  material  present. 

The  pottery  trade  demands  that  the  spar  be  free  from  iron-bearing 
minerals.  Muscovite  is  also  undesirable  on  account  of  the  diffi- 
culty encountered  in  grinding  it,  while  the  permissible  limits  for 
quartz  range  from  5  to  20  per  cent. 

In  quarrying  or  mining  some  sorting  is  often  necessary,  and  in 
those  states  lying  south  of  the  glaciated  area  the  deposit  may  be 
capped  with  residual  clay. 

Distribution  of  Feldspar  in  the  United  States.  —  In  the  United 
States  feldspar  quarries  are  operated  in  New  York,  Connecticut, 
Maine,  Pennsylvania,  and  Maryland.  The  general  form  of  deposit' 
is  similar  in  all  the  states,  but  those  worked  in  Pennsylvania  and 
Maryland  are  albite  spar,  while  the  others  are  potash  spar.  The 
wall  rock  is  gneiss  or  schist. 

The  following  table  gives  the  composition  of  feldspar  from  a 
number  of  localities:  — 

Analyses  of  Feldspars 


1 

2 

3 

4 

5 

6 

7 

Si02  .... 

64.7 

64.98 

65.40 

65.23 

69.63 

63.11 

65.95 

AI2O8      .     .     . 

18.4 

19.18 

18.80 

20.09 

12.30 

21.65 

18.00 

FeaOa       .     .     . 

— 

.33 

tr. 

.71 

— 

.12 

CaO  .... 

— 

tr. 

none 

none 

.95 

— 

1.05 

MgO.     .     .     . 

.25 

none 

none 

none 

— 

tr. 

K2O    .     .     .     . 

16.9 

12.79 

13.90 

11.60 

14.96 

14.10 

12.13 

NaaO       .     .     . 

2.32 

1.95 

2.00 

.79 

1.46 

2.11 

Loss  on  Ignition 

— 

.48 

.60 

.36 

.43 

.40 

— 

Total  .     .     . 

100.0 

100.33 

100.65 

99.99 

99.06 

100.72 

99.36 

1.  Theoretical  composition  of  pure  orthoclase  or  microcline.  2.  Norwegian  feldroar,  used  for 
porcelain.  3.  Pink  orthoclaBe-microcline  feldspar,  from  Bedford,  Ont.  Much  used  by  American 
potters.  4.  Cream-oolored  orthoclase-microcline  feldspar,  Georgetown,  Me.  5.  White  orthoclase- 
microcline  feldspar.  South  Glastonbunr,  Conn.  6.  Pearl-gray  orthoclase-microcline  feldspar, 
near  Batchellerville,  N.  Y.     7.  Pink  orthoclase-microcline  feldspar,  Bedford  Village,  N.  Y. 
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Analyses  of  Feldspars 


8 

9 

10 

11 

iz 

13 

14 

Si02   .... 

65.33 

64.62 

63.50 

65.96 

68.60 

48.25 

76.37 

AlaOs       , 

20.96 

20.57 

22.39 

19.53 

19.10 

34.11| 

13.87 

FesOs 

.71 

tr. 

.36 

.24 

.14 

CaO   .    . 

none 

.14 

2.15 

.18 

tr. 

15.63 

.26 

MgO.     . 

none 

2.36 

none 

— 

.28 

— 

none 

K2O   .     . 

10.65 

1.94 

3.40 

12.92 

9.03 

— 

5.24 

NasO. 

1.37 

10.27 

6.27 

1.13 

2.09 

1.98 

3.74 

H2O  .     . 

— 

.30 

Loss  on  ignition 

1.00 

— 

Total 

• 

»         • 

99.02 

99.90 

99.07 

99.96 

99.24 

99.97 

99  78 

8.  Light  yellow  orthoclaae-microcline  feldspar,  North  Castle,  N.  Y.  9.  8oda  feldspar,  Chester 
County,  Pa.  10.  White  feldspar.  Embreeville.  Pa.  11.  Potash  feldspar.  Woodstock,  Md.  12.  Pot- 
ash-soda feldspar.  Henry  ton,  Md.  13.  Lime-soda  feldspar  (bytownite).  Point  Corundum,  near 
Duluth,  Minn.  Used  for  abrasives  and  filters,  but  not  for  pottery.  (All  analyses  from  Min. 
Res.,  U.  S.,  1906 :  1257,  1907.)  14.  Kinkle's  quarry,  Bedford,  N.  ¥.,  No.  3  grade,  used  in  glass, 
but  not  for  pottery.    U.  S.  G.  S.,.Bull.  420. 

•  Uses  (1).  —  Feldspar  is  used  chiefly  as  a  flux  in  the  manufacture 
of  pottery,  electrical  porcelain,  and  some  enameled  wares.  For  all 
these  purposes  it  should  be  as  free  from  iron  as  possible,  but  some 
of  the  ground  commercial  spar  carries  as  much  as  15  to  20  per  cent 
free  quartz. 

Feldspar  is  also  employed  as  a  flux  or  binder  in  emery  and  car- 
borundum wheels,  and  to  some  extent  in  the  manufacture  of  opales- 
cent glass.  For  the  last  purpose  it  can  carry  more  quartz  and  mus- 
covite  than  pottery  spar,  and  does  not  have  to  be  as  finely  ground, 
50  to  60  mesh  being  suflScient. 

As  an  ingredient  of  scouring  soap,  feldspar  possesses  advantages 
over  quartz,  because  it  is  softer  and  less  liable  to  scratch  glass. 
Selected  feldspar  is  used  in  the  manufacture  of  artificial  teeth. 

The  possibility  of  using  feldspar  as  a  fertilizer,  because  of  its  potash 
contents,  has  been  suggested;  but  no  commercially  practicable  means 
of  extracting  the  desired  element  has  as  yet  been  found  (2). 

Production  of  Feldspar.  —  The  production  of  feldspar  from  1904 
to  1908  is  given  below.  The  crude  refers  to  that  sold  in  the  un- 
ground  state,  but  all  spar  is  crushed  before  use. 

Production  op  Feldspar,  1904  to  1908,  in  Short  Tons 


Ykab 

Crudb 

Ground 

Total 

Quantity 

Value 

Quantity 

Value 

Quantity 

Value 

1904 

1906 

1906 

1907 

1908 

19,413 
14,517 
39,976 
31,080 
18,840 

$66,714 

67,976 

132,643 

101,816 

65,780 

26.775 
20,902 
32,680 
63,469 
48,400 

$199,612 
168,181 
268,888 
397,253 
335,138 

46,188 
35.419 
72,656 
84.549 
67,240 

$266,326 
226,157 
401,531 
499,069 
400,918 
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The  preceding  figures  do  not  include  feldspar  used  for  abrasive 
purposes. 

Dealers  usually  divide  feldspar  into  the  following  three  grades: 

No.  1,  which  is  free  from  iron-bearing  minerals,  mostly  free  from 
muscovite,  and  contains  less  than  5  per  cent  quartz. 

No.  2,  which  is  largely  free  from  iron-bearing  minerals,  and  in  the 
potash  spar  usually  carries  15  to  20  per  cent  quartz. 

No.  3,  which  is  less  carefully  selected  and  may  carry  enough  iron- 
bearing  minerals  to  render  it  unfit  for  pottery  piu-poses. 

The  average  price  in  1908  of  crude  feldspar  used  for  pottery  and 
enamel  ware  was  about  $4  per  short  ton  f.o.b.,  while  the  aver- 
age price  of  the  ground  was  about  $8.20  per  short  ton  f.o.b.  mills. 

REFERENCES  ON  FELDSPAR 

1.  Bastin,  U.  S.  Geol.  Surv.,  Bull.  420,  1910.  (General  and  United  States.) 
2.  Cushman,  U.  S.  Dept.  Agric,  Bur.  Plant  Industry,  Bull.  104,  1907. 
(Fertilizer  uses.)  3.  Day  and  Allen,  Amer.  Jour.  Sci.,  XIX  :  98,  1905. 
(Thermal  properties.)  4.  Hopkins,  Ann.  Rept.  Pa.  State  College,  1898 
to  1899,  Appendix,  Pt.  II.  5.  Mathews,  Md.  Geol.  Surv.,  Rept.  on 
Cecil  Co. :  217,  1902.    6.  Watson,  Min.  Res.  Va.,  1907  :  275.    (Va.) 

FLUORSPAR 

Fluorspar,  or  fluorite  (CaFa),  contains  48.9  per  cent  fluorine  and 
61.1  per  cent  calcium.  Its  hardness  is  4,  its  specific  gravity,  3.18, 
and  it  has  a  pronounced  octahedral  cleavage.  Fluorite  shows  a 
variety  of  colors,  including  white,  green,  purple,  etc.  The  mineral 
is  commonly  found  in  veins  which  may  be  fissure  filUngs  or  replace- 
ments, and  is  often  associated  with  ore  minerals,  especially  lead  and 
tin.  Limestone  is  the  most  important  wall  rock  of  the  American 
deposits,  but  in  some  districts  granites,  gneisses,  or  volcanic  rocks 
may  form  the  vein  wall. 

Distribution  in  the  United  States.  —  In  the  United  States  fluorite 
is  found  at  a  nimiber  of  points  in  the  Piedmont  and  Appalachian 
areas  from  Maine  to  Virginia,  and  is  likewise  noted  (usually  in  small 
amounts)  in  many  metalliferous  veins  of  the  west;  but  the  most 
important  producing  districts  are  in  Kentucky  and  Illinois.  Colo- 
rado, Arizona,  and  Tennessee  are  also  to  be  included  in  the  produc- 
ing states. 

Kentucky  (3,  4).  —  In  the  western  Kentucky  district,  which  is 
one  of  the  largest  producers  of  the  world,  the  fluorite  occiu's  as  vein 
deposits  in  fault  fissures  cutting  limestones  (PI.  XXVII,  and  Fig. 
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93),  sandstoDes,  and  shales  of  Carboniferous  age.  The  minerals 
have  been  defw^ted  by  (1)  a  filling  of  the  fissure  cavity,  (2)  replac- 
ing the  wall  rock  of  the  fissure,  or  (3)  cementing  a  breccia  of  the 
same.  Associated  with  the  fiuorspar  are  barite,  calcite,  galena, 
and  sphalerite,  as  well  as  other  minerals  in  smaller  amounts.  The 
different  minerals  may  occur  in  the  veins,  either  intimately  inter- 
grown  or  in  separate  bands;  in  some  cases,  however,  only  one  min- 
eral may  be  present  in  the  vein.  The  fault  fissures  strike  northeast 
and  northwest,  but  the  former  carry  more  fluorite. 

!  <  .    ! 


Eaa*^"  ^--tr-  ^2'iV  ^•. '!.'"■  ■*■'"-""■'■' 

Fio.  93.  —  SeclioD  of  Metnphia  mine  etoup.  along  line  SS  of  Pii.  XXVII. 

{A/Ur  Fohi,  Ky.  Qeot.  Sun..  BuU.  9.) 

It  is  supposed  that  the  fluorite  has  been  deposited  by  thermal 
waters,  which  were  given  off  during  cooling  by  the  dikes  of  mica 
peridotite  which  are  found  in  the  district.  The  fissures,  fault 
planes,  and  dike  contacts  served  as  trunk  channels  along  which  the 
waters  ascended,  and  from  which  they  also  spread  out  into  the  ad- 
jacent rocks.  Weathering  has  produced  a  disint^ration  of  the 
fluorite.  The  veins  show  a  maximum  width  of  36  feet  for  gravel 
ore  and  16  feet  for  lump  ore. 

The  product  of  the  veins  is  divided  into  lump,  representing  the 
coarse  product;  gravel,  which  is  the  naturally  or  artificially  disin- 
tegrated spar,  and  ground  fluorspar.  Washing  and  ji^ng  are 
necessary  to  separate  clay  and  associated  minerals.  Niunber  1 
fluorite  is  usually  white  and  carries  96  per  cent  or  more  of  calcium 
fluoride;  Number  2  grade  has  at  least  90  per  cent  calcium  fluoride 
and  under  4  per  cent  aUca;  while  Number  3  carries  from  60  to  90 
per  cent  calcium  fluoride. 

Illinois.  —  Until  1898  the  mines  of  Hardin  and  Pope  counties, 
Illinois,  were  the  only  domestic  source  {1},  and  this  area  continues 
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to  be  an  important  producer.  There  the  deposits  fiU  fault  fissures 
in  Lower  Carboniferous  limestones  or  sandstones.  Dikes  of  mica 
peridotite  also  occur  in  the  district,  but  not  in  contact  with  the  veins. 
These  latter  in  some  places  attain  a  width  of  45  feet  and  a  proven 
depth  of  200  feet.  This  great  width  is  due  partly  to  enlargement  of 
the  fissure  by  solution,  and  partly  to  a  replacement  of  the  limestone 
walls.  In  the  limestone  footwall,  the  fluorspar  sometimes  forms  a 
solid  mass  from  2  to  12  feet  thick,  but  that  on  the  hanging  wall  is 
less  pure.  The  vein  filling  is  chiefly  fluorite  and  calcite,  while  as- 
sociated with  these  are  smaller  amounts  of  galena,  sphalerite,  and 
occasionally  pyrite  or  chalcopyrite.  It  is  significant  that  the 
galena  is  slightly  argentiferous. 

The  origin  of  the  fluorite  is  somewhat  doubtful,  but  Bain  (1)  be- 
lieves that  it  has  probably  been  derived  from  heated  waters  of  either 
meteoric  or  magmatic  origin  which  leached  the  mineral  from  some 
large  mass  of  low-lying  igneous  rocks  of  which  the  dikes  are  ofif- 
shoots.  These  heated  ascending  solutions  are  thought  to  have 
carried  fluosilicates  of  zinc,  lead,  copper,  iron,  barium,  and  calcium. 
The  dissolved  compounds  were  probably  broken  up  by  cold  de- 
scending waters,  which  possibly  also  furnished  the  sulphur  to  com- 
bine with  the  metals. 

Colorado  (2).  —  In  eastern  Colorado  fluorspar  occurs  in  consid- 
erable quantities  in  a  belt  extending  from  Boulder  County  to  Custer 
County.  The  veins,  in  most  cases,  cut  granites  and  gneisses  of 
pre-Cambrian  age  that  have  been  intruded  by  later  dikes,  especially 
of  quartz  porphyry.  Metalliferous  minerals  are  associated  with 
the  fluorite,  but  in  several  instances  the  latter  forms  most  of  the 
vein  filling.  The  deposits  have  thus  far  not  been  extensively  de- 
veloped, and  much  of  the  material  lies  rather  far  from  the  rail- 
road. The  three  producing  localities  are  Jamestown,  Boulder 
County;  Evergreen,  Jefiferson  County;  and  near  Rosita,  Custer 
County. 

Other  States.  —  Tennessee  (3,  5)  fluorspar  comes  from  Smith, 
Trousdale,  and  Wilson  counties  of  that  state;  while  that  obtained  in 
Arizona  (5)  is  mainly  from  the  Castle  Dome  district,  Yuma  County. 

Imports.  —  Considerable  gravel  spar  is  produced  as  tailings  from 
the  English  lead  mines  and  shipped  as  ballast  to  the  United  States, 
and  has  entered  duty  free,  thus  competing  with  the  American 
product  as  far  west  as  Pittsburg.  It  is  high  in  silica  and  is  almost 
entirely  consimied  by  open  hearth  steel  makers.  The  estimated 
imports  for  1908  were  not  over  22,000  short  tons. 
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Analyses  of  Fluorspar.  —  The  following  analyses  (3,  2)  will  in- 
dicate the  variation  in  composition  of  the  American  product: — 


Analyses  of  Fluobspab 


LOCAUTT 


Memphis  Mines,  Ky.     .     .     . 

Hodge  Mines,  Ky 

Nancy  Hanks  Mines,  Ky.    .     . 

Gravel  Fluorspar 

Rosita,  Colorado 

Jamestown,  Colorado     .     .     . 

Marion,  Ky 

Fairview,  111 


CaF, 


99.95 
98.30 
96.00 
95.08 
86.75 
60.9 

{  76.05 
86.75 

f  96.01 
84.25 
88.85 


SiO, 

CaCO,, 
MgCOs 

tr. 

tr. 

.21 

.98 

.71 

3.29 

1.90 

— 

9.3 

27. 

19.8 

8.60 

•. 

1.9 

2.98 

10.28 

3.4 

a£o. 


tr. 

4.2 

n.d. 

4.2 

4.46 

1.88 

1.28 

1.45 


Uses.  —  Fluorspar  was  formerly  used  chiefly  for  making  hydro- 
fluoric acid,  but  not  more  than  5  to  10  per  cent  of  the  domestic  prod- 
uct is  now  employed  for  this  purpose,  while  increasing  quantities 
are  sold  for  the  manufacture  of  opalescent  glass.  The  greatest 
demand  for  it,  however,  is  as  a  flux  in  iron  manufacture,  since  it 
saves  from  3  to  5  per  cent  more  iron  than  limestone  flux,  reduces  the 
sulphur  and  phosphorus  contents,  and  increases  the  tensile  strength 
of  the  metal.  On  account  of  its  valuable  reducing  properties,  it  is 
also  used  in  making  spiegeleisen,  in  foundry  work,  and  in  cupola 
furnaces. 

It  is  also  used  in  the  manufacture  of  enamels,  glazes,  and  fire- 
proof ware,  for  apochromatic  lenses,  for  gems,  cheap  jewelry,  paper 
weights,  and  for  carbon  electrodes  for  flaming  arc  lamps.  Its  use 
as  a  flux  in  cement  manufacture  has  been  discontinued. 

Production  of  Fluorspar. — The  table  on  page  232  gives  the 
quantity  and  value  of  fluorspar  marketed  from  1906  to  1908. 

The  fluorspar  is  prepared  for  market  by  hand  sorting,  crushing, 
jigging,  and  sometimes  fine  grinding.     The  grades  produced  are: 

1.  American  lump  No.  1,  with  under  1  per  cent  silica,  and  sold 
mainly  to  glass,  enameling,  and  chemical  industries. 

2.  American  lump  No.  2,  which  includes  colored  spar,  and  may 
run  as  high  as  4  per  cent  silica,  though  usually  sold  under  a  3  per 
cent  guaranty.    It  is  used  by  blast  furnaces  in  the  production  of 


232 


ECONOMIC  GEOLOGY 


ferrosilicozi  and  ferromanganese;  and  in  basic  open  hearth  steel 
furnaces. 

3.  Gravel  spar,  including  all  with  over  4  per  cent  silica,  and  spar 
mixed  with  calcite.    It  is  used  in  iron  and  brass  foundries. 

Fluorspar  Marketed  in  1906  to  1908,  in  Short  Tons 


Gravbl 

Lump 

Ground 

Total 

QUAN- 
TITT 

Total 
Valux 

Statb 

Quan- 
tity 

Value 

Quan- 
tity 

Value 

Quan- 
tity 

Value 

1906 

Colorado    .     . 
Illinoia  .     .     . 
Kentucky  .     . 

23,739> 
8,2071 

$113.399> 
40,084» 

4,529 
4.3213 

8,850 

$47,224 
43,318» 

1 

28.268 
12,628* 

1 

$160,623 
83,492« 

Total      .     . 

31.946 

$153,483 

$90,542 

40,796 

$244,025 

1907 

Colorado    .     . 
Illinoia  .     .     . 
Kentucky  .     . 

3.300 

18,610 
14,276 

SI  1.400 
83,259 
71,376 

3.038 

$22,828 

3.480 
6,782 

$35,884 
62,595 

3.300 
25.128 
21.058 

$11,400 
141.971 
133,971 

Total .     .     . 

36,186 

$166,035 

3.038 

$22,828 

10.262 

$98,479 

49.486 

$287,342 

1908 

Colorado    .     . 
Illinois   .     .     . 
Kentucky  .     . 

746» 
21.332 
2.840 

$4,518 
96,315 
14,226 

$115,059 

6.189 
307 

6.496 

$33,267 
1.828 

4.206 
3.176 

7.382 

$43,256 
32.588 

745 
31.727 
6,323 

$4,518 

172.838 

48,642 

Total  .     .     . 

24.917 

$35,095 

$75,844 

38,795 

$225,998 

*  Included  in  Kentucky. 

'  Includes  crude  and  gravel  spar. 

*  Includes  crude  and  gravel  spar  from  Colorado  and  Tennessee. 

*  Includes  production  irom  Colorado  and  Tennessee. 

*  Includes  a  small  production  of  lump  spar  from  Arixona. 

REFERENCES  ON  FLUORSPAR 

1.  Bain,  U.  S.  Geol.  Surv.,  Bull.  255,  1905.  (111.)  2.  Burehard,  U.  S. 
Qeol.  Surv.,  Min.  Res.  for  1908.  (Colo.)  3.  Fohs,  Ky.  Geol.  Surv., 
Bull.  9, 1907.  (Ky.  and  General.)  4.  Fohs,  Amer.  Inst.  Min.  Engrs., 
Bi-Mon.  Bull.,   April,  1909.     (Ky.  spar  and  use  in  iron  industries.) 

5.  Pratt,  U.  S.  Geol.  Surv.,  Min.  Res.,  1901 :  879,  1902.     (Ariz.) 

6.  Ulrich  and  Smith,  U.  S.  Geol.  Surv.,  Prof.  Pap.  36,  1905.     (Ky.) 

7.  Watson,  Va.  Geol.  Surv.,  Bull.  1  :  42,  1905.     (Va.) 


FOUNDRY    SANDS 

Definition.  —  Under  the  term  foundry  sand  there  are  included 
(1)  sands  for  making  the  mold  proper  into  which  the  metal  is  cast, 
and  (2)  core  sand,  utilized  for  making  the  cores  which  occupy  the 
hollow  spaces  of  the  cast  piece. 

The  molding  sands  proper  are  usually  of  finer  texture  and  more 
loamy  character  than  the  core  sands,  still  the  two  grades  overlap, 
and  both  show  considerable  range  of  texture.  In  selecting  molding 
sands,  the  fine-grained  ones  are  used  for  small  castings,  while  the 
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coarser  grades  are  employed  for  heavy  castings.  The  core  sands 
have  but  little  cohesiveness,  owing  to  their  lack  of  clayey  matter, 
and  hence  require  the  addition  of  an  artificial  binder. 

Requisite  Properties.  —  The  requisite  physical  qualities  of  foun- 
dry sands  are:  1.  sufficient  cohesiveness  to  make  the  grains  cohere 
when  pressed  together  to  form  the  parts  of  the  mold,  the  deficiency 
in  this  respect  in  core  sands  being  supplied  by  artificial  binders; 
2.  sufficient  refractoriness  to  prevent  extensive  fusion  in  the  sand 
when  exposed  to  the  heat  of  the  molten  metal;  3.  texture  adapted 
to  the  grade  of  casting  to  be  poured  in  it;  4.  sufficient  porosity 
and  permeability  to  permit  the  escape  of  the  gases  given  off  by  the 
cooling  metal;  6.  durability,  or  sufficient  length  of  Ufe,  to  permit 
as  much  of  the  sand  as  possible  being  used  over  again. 

The  laboratory  examination  of  a  molding  sand  might  properly 
include  the  determination  of  (1)  its  texture  (by  mechanical  analy- 
sis), (2)  porosity,  (3)  permeability  (by  aspirator  method),  (4)  average 
fineness  (by  aspirator  method),*  (6)  tensile  strength,  and  (6)  refrac- 
toriness. 

Chemical  analyses  of  foundry  sands  are  in  most  cases  of  little 
value,  mainly  because  they  shed  no  light  on  the  physical  properties. 
A  few  are,  however,  given  below:  — 

Chemical  Analyses  of  Foundry  Sands 


SiO, 

AI.O, 

Fe,o. 

CaO 

MgO 

K,0 

Na,0 

TiO, 

H,0 

Moist 

1. 

81.59 

6.46 

4.94 

.14 

.22 

1.19 

.59 

1.90 

1.63 

1.46 

2. 

66.12 

16.54 

4.46 

.40 

.22 

2.67 

.35 

.14 

4.90 

4.15 

3. 

79.36 

9.36 

3.18 

.44 

.27 

2.19 

1.54 

.34 

2.02 

.74 

4. 

79.38 
71.60 

9.38 
11.49 

3.98 
7.81 

1.40 
.65 

.54 
.95 

1.80 
1.42 

1.04 
1.27 

.44 

2.50 

.80 

5. 

4.00 

6. 

86.80 

3.05 

5.32 

.15 

.65 

.83 

.04 

— 

3.25 

7. 

84.28 
79.41 

4.50 
12.47 

6.10 
.80 

tr. 
.99 

.72 

.81 

.91       .39 

3.10 

8. 

1.56 

3.96 

9. 

57.63 

10.03 

.88 

11.16 

5.63 

.01 

14.66 » 

10. 

84.86 

7.03 

2.18 

.62 

.98 

Undet. 

— 

2.20 

11. 

82.90 

8.21 

2.90 

.62 

.00 

Undet. 

— 

2.85 

12. 

81.57 

11.52     2.74 

1.49 

.18 

2.50 

1.  Pine  sand  for  light  castings,  Richmond,  Va.  2.  Coarse,  gravelly  core 
sand,  Richmond,  Va.  3.  Stove  plate  sand,  Albany,  N.  Y.  4.  Stove 
plate  sand,  Newport,  Ky.  5.  '*  Philadelphia"  brass  sand.  6.  Lumberton, 
N.  J.,  brass  sand  (mild).  7.  Lumberton,  N.  J.,  brass  sand  (strong).  8. 
Upper  sand  bed,  Rockton,  111.  9.  Lower  sand  bed,  Rockton,  111.  10. 
Sand  for  medium  weight  castings.  11.  Coarse  sand  for  heavy  castings. 
12.  Stove  plate  sand,  Conneaut,  O.    AU  quoted  from  Ref.  6. 

1  The  average  fineness  may  be  determined  in  other  ways,  but  these  are  less  ao- 
curate.     See  Ref.  6.  '  Includes  CO3. 
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The  following  table  gives  the  mechanical  analysis,  specific  gravity, 
and  porosity  of  a  number  of  samples  of  foundry  sand. 


Physical  Tests  op  Foundry  Sands 


Feb  Cbnt  Rktainkd  on 

1 

s 

z 
0>  2 

h  M  S 
S^  M  b 

OQQ  g 

Na 

Clat 

i 

o 

Q 

PC 

H 

20 

40 

60 

80 

100 

250 

G 

umaa 

umBB. 

MB8H 

UE8H 

UEBH 

MESH 

ffi 

;^ 

1. 

6.84 

6.61 

40.09 

8.98  23.82 

12.56 

1.06 

2.68 

36.2 

91 

2. 

.96 

12.42 

34.41 

4.31 

7.50 

18.29 

22.06  2.61 

38.8 

714 

3. 

.30 

.77 

4.52 

1.63 

5.35 

57.95 

29.44  2.59 

40.9 

770 

4. 

4.69 

13.34  23.96 

5.01 

11.95 

18.22 

22.79  2.66 

45.0 

222 

5. 

.09 

.45    1.51 

.31 

.74 

66.79 

30.08  2.67 

42.2 

1429 

6. 

.13 

.5920.10 

5.81 

15.89 

33.35 

24.09  2.62 

7. 

.33 

.18      .55 

.24 

5.47 

87.92 

5.36  2.65 

43.0 

344 

8. 

2.51 

6.16  16.49 

4.74 

11.30 

32.37 

26.39  2.62 

42.9 

361 

9. 

.27 

.54    1.21 

.32 

1.21 

69.46 

26.97 

— 

10. 

.08 

.20      .17 

.00 

.14 

87.56 

11.82 

2.7 

46.7 

714 

11. 

1.51 

1.26 

1.27 

.56 

6.27 

71.69 

16.52 

12. 

42.48 

12.90 

6.16 

.85 

1.70 

8.58 

26.44 

13. 

3.03 

1.41 

.97 

.40 

2.61 

48.32 

41.87 

— 

14. 

— 

.36 

6.56 

3.52 

21.22 

64.84 

2.56 

— 

15. 

.4 

16.54 

56.24 

5.60 

5.20 

2.60 

13.34 

2.58 

40.41 

16. 

1.32 

14.02 

28.68 

5.62 

10.24 

14.12  25.02 

2.55 

39.52 

17. 

.04 
4.5 

.06 
32.0 

.12 
23.0 

.06 
16.0 

.12 
9.5 

80.12;i9.22 

2.66 
2.613 

43.43 
45.1 

18. 

15 

— 

19. 

5.5  !25.5 

1 

11.5 

1 

14.5 

12.0 

31 

— — 

39.5 

1.  Fine  core  sand,  Jackson,  Mioh.  2.  Sand  for  general  work,  Zanesville, 
O.,  district.  3.  Riverside,  Mich.  4.  Core  sand,  Niles,  Mich.  5.  Stove 
plate  sand,  Conneaut,  O.  6.  Sand  for  general  work,  Vineland,  Mich.  7. 
Leoni,  Mich.  8.  Sand  for  heavy  work,  Battle  Creek,  Mich.  9.  No.  5 
sand,  Newport,  Ky.  10.  No.  3  sand,  Akron,  O.  Nos.  1-10  quoted  from 
Ref.  6.  11.  Sand  for  general  work,  Manchester,  Va.  12.  Coarse  sand, 
Richmond,  Va.  13.  Petersburg,  Va.  Nos.  11-13  quoted  from  Ref.  6.  14. 
Sand  for  small  castings,  Berlin,  Wis.  15.  Core  sand  for  heavy  castings, 
Janesville,  Wis.  16.  Sand  for  heavy  castings,  Kenosha  County,  Wis. 
17.  No.  4  sand,  for  malleable  and  gray  iron,  and  brass,  Waterford,  111. 
Nos.  14-17  quoted  from  Ref.  4.  18.  Lumberton,  N.  J.  19.  Strong  sand, 
Hainespoit,  N.  J.     Nos.  18-19,  Ref.  2. 
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Distribution  in  the  United  States.  —  Many  thousands  of  tons  of 
foundry  sand  are  used  annually  by  foundries,  scattered  all  over 
the  United  States.  In  most  cases  these  represent  natural  mixtures, 
but  for  some  grades  of  work,  especially  steel  casting,  artificial  mix- 
tures of  quartz,  clay,  etc.,  are  used. 

Sands  for  cores  and  molds  for  general  work  are  widely  distributed 
and  obtainable  from  many  surface  formations,  usually  of  recent  age; 
but  the  finer-grained  sands,  such  as  are  required  for  stove  plate  and 
brass  casting,  are  of  rarer  occurrence.  The  regions  around  Albany, 
New  York,  Conneaut,  Ohio,  Newport,  Kentucky,  Valparaiso,  In- 
diana, etc.,  are  noted  for  their  supplies  of  the  finer  grades  of  mold- 
ing sands.  New  Jersey  is  also  an  important  producer,  but  there 
the  sand  is  obtained  largely  from  Cretaceous  and  Tertiary  deposits. 
In  the  digging  of  molding  sand,  careful  sorting  is  sometimes  neces- 
sary, the  deposit  of  good  sand  being  often  thin,  or  of  irregular 
thickness,  and  interbedded  with  other  sands  of  no  value,  although 
closely  resembling  the  good  material. 

The  Uterature  on  molding  sands  is  not  extensive. 

The  value  of  molding  sand  produced  in  the  United  States  in  1908 
is  reported  as  $1,342,802,  but  these  figures  are  probably  only  ap- 
proximate. 

REFERENCES  ON  FOUNDRY  SANDS 

1.  Eckel,  N.  Y.  State  Geologist,  21st  Ann.  Rept.,  1901.  2.  KOmmel  and 
Parmelee,  N.  J.  Geol.  Surv.,  Ann.  Rept.  1904:  189,  1905.  (General 
and  N.  J.)  3.  Merrill,  Non-Metallic  Minerals  :  New  York,  Wiley  and 
Sons.  (General.)  4.  Ries  and  Gallup,  Wis.  Geol.  and  Nat.  Hist. 
Surv.,  Bull.  XV  :  197,  1906.  (Wis.  and  General.)  5.  Ries,  Metal 
Industry,  June  and  July,  1908.  (Relative  advantages  of  chemical 
and  physical  examination.)  6.  Ries  and  Rosen,  Mich.  Geol.  Surv.,  Ann. 
Rept.  for  1907.  (General  and  Mich.)  7.  Watson,  Min.  Res.  Va. 
Lynchburg,  1907:394.     (Va.) 

FULLER'S   EARTH 

Properties.  —  Fuller's  earth  (7)  may  be  regarded  as  a  peculiar 
type  of  clay  which  has  a  high  absorbent  power  for  many  substances, 
on  which  account  it  is  of  value  for  decolorizing  oil  and  other  liquids. 
Its  color  and  chemical  composition  are  variable,  and  its  specific 
gravity  ranges  from  1.76  to  2.5.  The  quantitative  analysis  shows 
it  to  dififer  chiefly  from  common  clay  in  having  a  relatively  higher 
percentage  of  combined  water. 

The  following  analyses  represent  the  composition  of  fuller's  earth 
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from  different  localities,  but  it  should  be  emphasized  that  they  are 
of  little  value  in  jud^ng  the  quality  of  the  earth : — 

Chemical  Analyses  of  Fuller's  Eabth 


I 

II 

III 

IV 

V 

VI 

vn 

SiOs     .    . 
AI2O8  .     . 
F02O8  .    . 
CaO     .     . 
MgO   .    . 
K2O     .    . 
NaaO  .     . 

ao    .    . 

Moisture  . 

47.10 

16.27 

10.00 

2.63 

3.15 

20.85 

62.83 

10.35 

2.45 

2.43 

3.12 

.74 

.20 

7.72 

6.41 

67.46 

10.08 

2.49 

3.14 

4.09 

5.61 
6.28 

58.72 
16.90 
4.00 
4.06 
2.56 
2.11 

8.10 
2.30 

74.90 
10.25 
1.75 
1.30 
2.30 
1.75 

5.80 
1.70 

54.32 

18.88 
6.50 
1.00 
3.22 
4.21 

11.86 

63.19 

18.76 

7.05 

78 

1.68 

.21 

1.50 

7.57 

Total    . 

100.00 

96.25 

99.15 

98.45 

99.75 

99.99 

100.74 

I.  Wobum  sands,  En^^.  (Yellow.)  II.  Gadsden  County,  Ma.  III. 
Decatur  County,  Ga.  IV.  Fairbum,  S.  Dak.  V.  Sumter,  S.  Ca.  VI. 
Bakersfield,  Calif.     VII.  Alexander,  Ark.    All  quoted  from  Ref.  7. 

The  cause  of  the  bleaching  power  of  fuller's  earth  still  remains  to 
be  explained,  but  Parsons  (3)  has  suggested  that  the  phenomenon 
is  one  of  simple  absorption.  lime  carbonate  seems  to  injure  the 
bleaching  power  of  the  earth,  and  in  some  cases  appears  to  be  coun- 
teracted somewhat  by  acid  treatment.  A  practical  test  affords  the 
only  satisfactory  method  of  determining  the  value  of  fuller's  earth. 

Distribution  in  the  United  States  (1,  3,  7).  —  In  former  years 
nearly  all  of  the  fuller's  earth  used  in  the  United  States  was  imported 
from  England,  where  large  deposits  of  this  material  exist;  but  oc- 
currences are  now  known  in  a  number  of  states,  including  Florida, 
Georgia,  Alabama,  Arkansas,  Colorado,  South  Carolina,  etc. 

At  most  localities  the  earth  is  found  interbedded  with  sands  or 
clays,  which  may  sometimes  differ  from  it  but  little  in  appearance. 

Fuller's  earth  is  not  confined  to  any  particular  formation,  but  the 
known  deposits  occur  in  sedimentary  rocks  ranging  from  the  be- 
ginning of  the  Mesozoic  up  to  the  Pleistocene.  In  Gadsden 
County,  Florida  (5,8)  and  in  Decatur  County,  Georgia  (8),  for 
example,  it  is  obtained  from  the  upper  Oligocene  of  the  Tertiary, 
the  former  locality  being  the  most  important  in  the  country.  The 
earth  from  this  region  is  used  for  bleaching  mineral  oils. 

Production  of  Fuller's  Earth.  —  The  domestic  output  has  never 
been  large,  and  much  is  still  imported  from  England. 
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Production  of  Fullbr*s  Earth  in  United  States  from  1906  to 

1908 


Valub 


1906 
1907 
1908 


$266,400 
291,773 
278.367 


REFERENCES  ON  FULLER'S  EARTH 

1.  Day,    Jour.    Frank.    Inst.,    CL,    1900.     (Distribution.)     2.  Merrill, 
Guide  to  Study  of  Nonmetallio  Minerals  :  337,  1901.     (Gheneral.)    3. 
Parsons,  Jour.  Amer.  Chem.  Soc,  XXIX,  No.  4,  April,  1907.     (Proper- 
ties.)   4.  Porter,  U.  S.  Geol.  Surv.,  Bull.  315  :  268, 1907.     (Properties 
and  tests.)    5.  Ries,  U.  S.  Qeoh  Surv.,  17th  Ann.  Rept.,  Pt.  Ill  (ctd.) 
877.    (General.)     6.  Ries.  Amer.  Inst.  Min.  Engrs.,  Trans.  XXVII 
333,  1898.    7.  Ries,  Clays,  Occurrence,  Properties  and  Uses,  2d  ed. 
516,  1908.     (General.)    8.  Vaughan,  U.  S.  Geol.  Surv.,  Min.  Res., 
1901  :  922,  1903.  (Ga.  and  Fla.) 


GLASS   SAND 

Glass  sand  is  obtained  from  quartzose  sands,  sandstones,  or 
quartzites.  When  sand  is  employed,  it  is  sometimes  necessary  to 
put  it  through  a  washing  process  in  order  to  separate  the  impurities, 
while  in  the  case  of  sandstone  or  quartzite,  at  least  a  preliminary 
crushing  and  screening  are  usually  necessary. 

Chemical  Composition.^ — Since  silica  is  the  major  ingredient  of 
the  sand,  it  influences  the  character  of  the  ware  to  a  marked  degree. 
Sand  with  impurities  is  therefore  to  be  avoided,  especially  if  it  is 
to  be  used  for  the  higher  grades  of  glassware.  Chemical  analysis  of 
almost  any  sand  may  show  at  least  traces  of  iron  oxide,  alumina, 
titanium  oxide,  lime,  magnesia,  and  organic  matter,  but  most  of 
these  are  included  in  mineral  grains  other  than  quartz. 

Iron  oxide,  even  in  small  amounts,  colors  the  glass  green,  and  is 
avoided  by  a  selection  of  the  whitest  sand,  although  whiteness  does 
not  necessarily  indicate  freedom  from  impurities.  Washing  may 
remove  much  of  the  iron,  and  the  iron  color  may  also  be  counter- 
acted to  some  extent  by  the  addition  of  arsenic.  Magnesia  causes 
trouble  by  rendering  the  batch  less  fusible,  but  it  is  more  apt  to  be 

*  Prink  (Ref .  14)  believes  that  many  of  the  views  held  regarding  allowable  limit 
of  MgO  and  AlsOs  are  incorrect,  and  these  substances  are  less  harmful  than  is  com- 
monly imagined. 
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introduced  through  the  limestone  than  the  sand.     Clay  is  undesir- 
able, since  it  tends  to  cloud  the  glass. 

Chemical  Analyses  of  Glass  Sands 


SiO, 

Al,Oa 

Fe^, 

CaO 

MgO 

Total 

1.  Ottawa,  LaSalle  County, 

111 

99.45 

.30 
.283 

.0903 

.13 
.0197 

tr. 
.002 

^^■^ 

99.88 

2.  Utica,  lU 

99.57 

99.97 

3.  Klondike,  Mo 

99.97 

.03 

100.00 

4.  Grays  Suminit,  Mo.   .     . 

99.839 

— 

.0014 

HO 

.154 

99.9944 

5.  Everton,  Boone  Co.,  Ark. 

99.55 

.13 

.09 

99.77 

6.  Flora,  Grant  Co.,  Wis.  . 

99.17 

.25 

.22 

Ign- 

99.64 

7.  CoxviDe,  Ind 

98.61 

.74 

.22 

.12 

tr. 

.32 
Und. 

100.01 

8.  Tip  Top,  Ky.  (selected)  . 

98.87 

.21 

.08 

.24 

.12 

.48 

100.00 

9.  Massillon,  0 

97.50 

1.50 

.50 

.50 

— 

100.00 

10.  Niles,  0 

99.915 

.062 

.0019 

.021 

tr. 

— 

99.999 

11.  Berkeley,  W.  Va.   (Oris- 

kany  sandstone)      .     . 

98.99 

.7717 

.0383 

— 

99.80 

12.  4  m.  from  Hancock, W.Va. 

(Medina  sandstone) 

99.30 

.5186 

.0314 

— 

99.85 

13.  Columbia,  Pa.  (Oriskany) 

99.5044 

.1337 

.2989 

Loss 

etc. 

.062 

99.9999 

14.  Cheshire,    Mass.    (Cam- 

brian)   

99.46 

.48 

.06 

100.00 

15.  Lewiston,  Pa.  (Oriskany) 

98.84 

.17 

.34 

tr. 

tr. 

Ign. 
.23 

99.58 

16.  Hanover,  N.  J.  (Tertiary) 

97.705 

.755 

.15 

.955 

.442 

100.007 

17.  Clayton,  la.  (Ordovician) 

98.85 

.46 

.995 

.21 

Loss 
etc. 
.384 

99.999 

18.  W.  Vienna,  N.  Y.  (Pleis- 

tocene)       

98.6 

.17 

.23 

tr. 

99.00 

Nos.  1-6,  Ref.  3;  Nos.  7-10,  Ref.  4;  Nos  11-12,  Ref.  10. 

Physical  Properties  (3).  —  Contrary  to  the  beUef  of  glass  manu- 
facturers that  rounded  grains  are  best,  much  good  glass  is  made 
from  sands  of  angular  or  subangular  grain.  Uniformity  of  grain 
is  highly  desirable,  and  should  range  between  30  and  120  mesh.  If 
larger  than  30 mesh,  the  sand  is  more  difficult  to  fuse;  while  if  finer 
than  120  mesh,  it  is  said  to  "  burn  out  "  in  the  batch. 
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Few  mechanical  analyses  of  glass  sands  have  been  published; 
but  the  following  will  serve  to  show  the  texture  of  several  from  dif- 
ferent localities  (2,  3). 

Mechanical  Analyses  of  Glass  Sands 


R  A  kfOT  V 

Passes 

Passes 

Passes 

Passes 

OiLM  ruJS 

20MxsH 

40  Mesh 

60  Mesh 

100  MCHH 

Ottawa,  m.    .     . 

Finest  grained  .    . 

100 

100 

92 

25 

Ottawa,  lU.    .     . 

Coarsest  grained 

99 

6 

1- 

0 

Ottawa,  111.    .     . 

Crude,  direct  from 
pit. 

99  + 

23 

3 

1- 

Utica,  m.  .    .     . 

Crude  from  car 

99  + 

45 

11 

3 

Klondike,  Mo.    . 

Extra  qualtiy  .     . 

100 

90 

15 

1 

Grays  Summit, 

Finished  product 

100 

92 

25 

2 

Mo. 

Grays  Summit, 

Crude,       from 

100 

88 

55 

1- 

Mo. 

quarry. 

Crystal  City,  Mo. 

Prepared      .     .     . 

99  + 

23 

13 

1 

Crystal  City,  Mo. 

Average  mine  run 

100 

55 

20 

1 

Berkeley  Springs, 

Crushed  sandstone, 

100 

98 

25 

1- 

W.  Va. 

finished  product 

Everton,  Ark.     . 

Not  worked      .     . 

99  + 

97 

50 

10 

Flora,  Wis.     .     . 

Not  worked      .     . 

99  + 

80 

40 

15 

Distribution  of  Glass  Sand.  —  Sand  for  glass  making  is  obtained 
from  a  number  of  different  geological  formations,  ranging  from 
Cambrian  to  Pleistocene.  Those  obtained  from  the  Pleistocene 
deposits,  as  in  New  York  (12),  are  not  as  a  rule  of  high  purity,  but 
those  from  the  Tertiary  and  Cretaceous  formations  are  of  better 
quality.  In  New  Jersey  there  are  extensive  pits  in  the  Tertiary, 
around  Bridgeton  (11),  the  material  being  used  in  the  glass  works 
of  southern  New  Jersey  and  southeastern  Pennsylvania.  Large 
pits  have  also  been  opened  in  the  Raritan  formation  of  the  Creta- 
ceous along  the  Severn  River  in  Maryland.  The  Oriskany  sandstone 
is  found  to  be  of  high  purity  in  West  Virginia  between  Berkeley 
Springs  and  a  point  on  the  border  near  Hancock,  Maryland,  the 
locality  having  been  worked  for  a  number  of  years  (10).  Sand- 
stones of  the  same  age  are  also  worked  in  Pennsylvania  (6,  8). 

The  glass-sand  industry  of  Illinois  (2),  is  developed  mainly  in  La 
Salle  County,  the  rock  used  being  the  St.  Peter  (Ordovician)  sand- 
stone. Much  of  it  is  very  soft.  Sandstone  of  similar  age  is  worked 
in  Missouri  (1,  2),  in  a  belt  between  Klondike  on  the  Missouri  River 
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and  Crystal  City  on  the  Mississippi  River.  Indiana  (4)  contains 
sandstone  suitable  for  glass  manufacture  in  the  Silurian,  Devonian, 
Carboniferous,  and  Tertiary  formations,  but  most  of  it  comes 
from  the  Mansfield  sandstone  of  the  Carboniferous  in  the  south- 
western part  of  the  state.  Beds  of  high-grade  sandstone  occur  in- 
terbedded  with  Silurian  limestones  in  northwestern  Ohio  (4),  but 
the  most  important  deposits  are  found  in  the  Mississippian,  Potts- 
ville,  and  Lower  Coal  Measures  in  the  eastern  portion  of  the  State. 
Production  of  Glass  Sand.  —  About  19  states  report  a  production 
of  glass  sand,  but  all  of  the  material  may  not  be  used  in  glass  manu- 
facture. The  production  of  the  6  leading  producers  as  well  as  the 
total  for  the  United  States  is  given  below. 


Quantity  and  Value  op  Glass  Sand  in  United  States  1906  to 

1908 


1906 

1907 

1908 

Stats 

Sbort 
Tons 

Valub 

•  Shobt 
Tons 

Valub 

Short 

T02» 

Valuk 

Pennsylvania    .     .     . 

Illinois 

West  Virginia  .     .     . 
Missouri 

Ohio 

New  Jersey  .     .     .     . 
Total  United  States  . 

342.967 
238.178 
158.003 
101,862 
71,329 
102.658 
1.089.430 

$510,910 

156.684 

227,225 

65.393 

71.246 

83.031 

Sl.208.788 

370,977 

235,716 

171.338 

138.483 

95,449 

87.140 

1.187,296 

$489,989 

152,619 

225.003 

92,898 

104.127 

73.914 

$1,260,067 

406.028 

194.722 

145.782 

111.517 

92.487 

66.775 

1.093.653 

$484,363 

139.172 

174.834 

83.100 

94.825 

46.379 

$1,134,599 
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Bien.  Rept.  Kas.  Bur.  Labor,  1901-1902  :  343,  1903.  (Kas.)  10. 
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.    CHAPTER  XI 
MINOR  MINERALS— GRAPHITE  MONAZTTE 

GRAPHITE 

Properties  and  Occurrence. — Graphite,  or  black  lead,  as  it  is  often 
termed  popularly,  is  a  form  of  carbon,  of  which  two  varieties  are 
generally  recognized,  especially  in  the  trade.  The  first  of  these, 
the  crystaUine,  has  a  lamellar  or  flaky  structure,  and  is  of  high 
purity,  while  the  other  form,  which  is  classed  as  amorphous,  lacks 
crystalline  structure,  and  may  be  quite  impure.  However,  even 
the  purest  graphite  may  contain  at  least  a  few  tenths  per  cent  ash 
and  volatile  matter,  and  commercial  graphite  often  contains  an 
appreciable  content  of  impurities.  Those  containing  90-95  per 
cent  graphitic  carbon  meet  the  requirements  of  the  general  trade, 
but  for  many  purposes,  especially  paint-making,  graphites  with  as 
low  as  30  to  35  per  cent  graphitic  carbon  can  be  employed. 

The  following  analyses  of  graphite  from  a  number  of  localities 
(6)  show  the  variation  in  its  composition,  but  probably  do  not  in  all 
cases  represent  commercial  samples. 

.  Analyses  op  Graphite 


LocALzmis 


Cumberland,  first  quality 
Passau,  Bavaria  .  .  . 
Passau,  Bavaria  .  .  . 
Mugrau,  Bohemia  .  .  . 
Ceylon  crystals  .... 
Ceylon,  commercial  quality 
Gulf  of  Spencera,  S.  Australia 
Qulf  of  Spencera,  S.  Australia 

Buckingham,  Can 

Madagascar 

Pissic,  Dep.  Hautes  Alpes 
Ural  Mts.,  Russia    .... 
Ticonderoga,  N.Y.,  vein  graphite 


Sp.  Gray. 


2.3455 
2.3032 
2.3108 
2.1197 
2.3501 
2.2659 
2.3701 
2.2852 
2.2863 
2.4085 
2.4572 
2.1795 
2.2647 


VoiiATXLB 

Maiteb 


1.10 
7.30 
4.20 
4.10 
5.10 
5.20 
2.15 
3.00 
1.82 
5.18 
3.20 
.72 
.818 


Cabbon 


91.55 
81.08 
73.65 
91.05 
79.40 
68.30 
25.75 
50.80 
78.48 
70.69 
59.67 
94.03 
97.422 


Ash 


7.35 
11.62 
22.15 

4.85 
15.50 
26.50 
72.10 
46.20 
19.17 
24.13 
37.13 

5.25 

1.76 


9 
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Graphite  is  usually  easily  recognized  by  its  peculiar  physical 
properties,  such  as  extreme  softness,  steel-gray  to  blue-black  color, 
greasy  feel  and  black  streak.  The  specific  gravity  is  2.20  to  2.27. 
Molybdenite  is  the  only  mineral  with  which  it  might  be  con- 
fused, but  this  has  a  bluish  or  greenish  tinge  and  a  greenish 
streak. 

Distribution  of  Graphite  in  the  United  States.  —  Crystalline 
graphite  is  widely  distributed  in  the  United  States,  occurring  in 
contact  zones  between  igneous  and  sedimentary  rocks,  in  meta- 
morphic  rocks,  etc.,  but  the  known  deposits  of  commercial  value 
are  few  in  nimiber. 

Most  of  the  domestic  supply  has  been  obtained  from  New  York 
State. 

New  York  (4, 10, 11, 12).  —  The  producing  mines  are  located  on 
the  southeastern  side  of  the  Adirondacks  in  Essex,  Warren,  Wash- 
ington, and  Saratoga  coimties,  and  the  state  leads  all  others  in  its 
production  of  graphite,  partly  because  of  the  steady  production  of 
one  large  mine. 

The  graphite  occurs  in  the  following  ways:  1.  In  pegmatite  veins, 
forming  bunches,  associated  chiefly  with  quartz,  but  also  feldspar, 
pyroxene,  hornblende,  mica,  calcite,  scapolite,  apatite,  sphene,  etc. 
This  type  of  deposit  is  of  little  commercial  value.  2.  Veinlets  of 
graphite  with  quartz  in  gneiss.  3.  Graphitic  quartzites,  represent- 
ing metamorphosed  pre-Cambrian  sediments.  These  are  the  most 
important  type.  4.  Graphitic  disseminations  in  Algonkian  lime- 
stones. 

At  the  American  Graphite  Company's  mine,  which  is  represen- 
tative of  3,  the  material  worked  is  a  medium-grained,  quartz- 
graphite  schist,  which  averages  6.25  per  cent  graphitic  carbon. 
The  associated  minerals  are  quartz,  mica,  and  apatite.  The  graph- 
ite rock  varies  from  3-20  feet  in  thickness,  and  is  overlain  by 
garnet  gneiss. 

Rhode  Island  (5).  —  Amorphous  graphite,  graphitic  anthracite,  or 
graphitic  shale,  as  it  has  been  variously  called,  has  been  known  for 
many  years  to  occur  in  the  metamorphosed  Carboniferous  rocks 
near  Providence  and  Tiverton,  Rhode  Island,  but  the  production 
has  been  irregular.  At  the  Cranston  Mines  near  Providence,  which 
are  the  largest,  the  section  shows  a  series  of  interbedded,  sandy, 
carbonaceous,  and  graphitic  shales,  something  over  300  feet  thick, 
all  folded  and  perhaps  faulted.  The  main  graphitic  bed  is  30  feet 
thick. 
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The  following  analyses  represent  the  composition  of  an  average 
(1)  and  a  selected  (2)  specimen  respectively. 

Analyses  of  Graphitic  Shalb  from  Cranston  Mines 


Volatile      .     .     . 
Graphitic  carbon 

Ash 

Total     .... 


7.86 
26.27 

66.87 


100.00 


The  material  is  used  chiefly  for  paint. 

Pennsylvania  (8).  —  Crystalline  graphite  is  also  mined  in  Chester 
County,  Pennsylvania,  where  it  forms  two  layers  from  4  to  6  feet  thick 
in  decomposed  mica  schist. 

Alabama  (14).  —  Crystalline  graphite  is  found  in  granites  and  schists  in 
Clay,  Chilton,  and  Coosa  counties.  In  Clay  County,  for  example,  the  graph- 
ite is  uniformly  disseminated  throughout  a  zone  of  micar-free  weathered 
granite,  ten  miles  long  and  several  hundred  feet  wide.  Its  depth  has  been 
proven  to  75  feet,  with  an  average  of  4.5  per  cent  graphite.  A  graphitic 
clay  found  in  the  slightly  crystalline  schists  of  the  Paleozoic  area  of  Clay 
and  Tallapoosa  counties  is  used  as  a  lubricaDt. 

New  Mexico  (3).  —  Amorphous  graphite  is  known  to  occur  in  the  cafton 
of  the  Canadian  River,  about  7  nules  southwest  of  Raton.  The  bed,  which 
is  nearly  horizontal,  has  been  traced  laterally  into  the  principal  bituminous 
coal  seam  of  the  Raton  field,  and  that  portion  which  is  graphitized  owes  its 
character  to  diabase  intrusions,  the  change  being  most  complete  where  the 
bed  was  fractured  and  the  diabase  forced  into  it.  The  graphite  is  said  to 
occur  in  pockets  or  irregular  masses  in  the  diabase,  and  is  columnar  normal 
to  the  faces  of  the  igneous  rock.  It  has  been  mined  somewhat  and  sold  for 
the  manufacture  of  mineral  paint. 

Other  States.  —  Developments  of  graphite  have  been  made  in  other  states, 
such  as  Michigan,  Wisconsin,  Virginia  (17),  Montana  (13),  Wyoming  (2), 
Maine  (15),  Georgia  (9),  etc.,  but  the  output  is  not  steady. 

Origin  of  Graphite.  —  There  seems  no  doubt  that  graphite  shows 
a  somewhat  diverse  mode  of  origin. 

Where  the  material  occurs  in  disseminated  form  in  schists  or 
quartziteSy  as  in  the  Adirondacks,  and  the  sedimentary  origin 
of  these  rocks  is  clearly  proven,  there  is  little  doubt  that  the 
graphite  represents  original  carbonaceous  material  that  has 
been  changed  to  its  present  form  by  dynamic  or  contact  metamor- 
phism. 

Graphite  has  in  some  cases  been  formed  by  the  heat  of  igne- 
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ous  intnisions  acting  on  coal-beds,  as  in  New  Mexico  (q.v.),  or 
in  Central  Sonora,  Mexico,  where  coal-beds  up  to  24  feet  thick- 
ness, inclosed  in  sandstone,  have  been  metamorphosed  by 
granite. 

In  other  localities,  where  the  graphite  occurs  in  pegmatite  veins 
as  in  some  Ticonderoga,  New  York,  deposits,  Ceylon,  or  in  Maine, 
or  where  it  is  found  in  lenticular  enrichments  associated  with  lime- 
stone in  a  decomposed  gneiss  near  granite  contact,  as  at  Passau, 
Bavaria,  a  different  explanation  is  required. 

In  these  it  seems  probable  that  while  the  graphite  must  have 
been  introduced  in  vaporous  form,  it  may  have  been  derived  from 
two  possible  sources.  Thus  it  might  have  been  given  off  by  igneous 
rocks  during  cooling,  or  else  represent  carbonaceous  matter  from 
neighboring  sediments,  which  has  been  vaporized  by  heat,  and 
migrated  during  metamorphism. 

Graphite  is  known  to  occur  in  small  quantities  in  some  granites, 
and  has  been  sparingly  noted  in  other  igneous  rocks,  but  in  some  of 
these  it  may  not  be  indigenous. 

Uses.  —  On  account  of  its  refractoriness  and  high  heat  conduc- 
tivity, graphite  is  employed  in  the  manufacture  of  crucibles  for 
use  in  the  steel,  brass,  and  bronze  industries.  For  making  these  it 
is  mixed  with  clay  and  some  sand.  Ceylon  graphite  is  specially 
suitable  for  this  class  of  work,  because  of  its  peculiar  fibrous  struc- 
ture. Amorphous  graphite  has  not  given  success  in  crucible  work. 
In  addition  graphite  is  employed  for  making  stove  polish,  foundry 
facings,  paint,  lead  pencils,  lubricating  powder,  glazing,  electro- 
typing,  steam  piping,  for  adulterating  fertilizers,  coloring  and  glaz- 
ing coffee  beans  or  tea  leaves,  etc. 

Both  amorphous  and  crystalline  graphite  can  be  used  for  lubri- 
cating purposes.  The  use  of  graphite  for  pencil  manufacture, 
though  an  early  one,  and  perhaps  the  best  known,  consumes  but  a 
small  percentage  (under  10  probably)  of  the  world's  supply.  For 
this  purpose  amorphous  graphite  is  demanded,  and  while  Bohemian 
and  Bavarian  graphite  were  originally  used,  Sonora,  Mexico,  now 
supplies  American  manufacturers  with  all  they  need. 

Graphite  is  also  made  artificially  from  anthracite  coal,  but  its 
introduction  has  not  seriously  affected  the  market  for  the  natural 
product. 

Crystalline  graphite  is  put  through  a  concentrating  process  be- 
fore shipment  to  market.  This  is  necessary  in  order  to  free  it  from 
the  associated  minerals.    Both  wet  and  dry  methods  of  separation 


MINOR  MINERALS 


245 


are  employed,  while  more  recently  air  separation  has  been  tried  with 
some  success. 

Production  of  Graphite.  —  The  domestic  production  of  crys- 
talline graphite  does  not  form  more  than  a  small  proportion  of  the 
entire  consumption.  In  the  two  following  tables  are  given  the  pro- 
duction by  states  in  1908,  and  the  total  United  States  production 
from  1904  to  1908. 

Production  and  Value  of  Natural  GRApmrs  in  the  United 

States,  1908,  by  States 


Statb 

Amorphous 

Cbtbtallinb 

Total 

Quantity 

Value 

Quantity 

Value 

Quantity 

Value 

Alabama      .... 
New  York    .... 
Penoaylvania    .     .     . 
Other  states  ^    .     .     . 

Short  tons 
453 

900 

$33,750 
41.500 

Pounds 

1.932.000 
356.000 

$116,100 
16.740 

ShoHtons 

453 
066 
178 
0:^0 

2,587 

$33,750 

116,100 

16,740 

41.500 

1.443 

$75,250 

2.288.000 

$132,840 

$208,000 

*  Inoludee  Alaska,  Colorado,  Michigan.  Nevada,  New  Mexico,  and  Wisconsin. 


Production  of  Natural  Graphite,  1904-1908 


YlBAR 

Amorphous 

Crtstallinb 

Total 

Quantity 

Value 

Quantity 

Value 

Quantity 

Value 

1004 

1005 

1006 

1007 

1908 

Pounds 

5.681,177 
6.036,567 
5.887,082 
4.047.840 
2,288.000 

$238,447 
237,572 
238.064 
171.140 
132,840 

Short  tons 

16,027 
21.053 
16,853 
26.803 
1,443 

$82,025 

80.630 

102.175 

125.821 

75,250 

Short  tons 

10.768 
24.071 
10.707 
20,277 
2,587 

$321,372 
318.211 
340.230 
206,070 
208.000 

The  imports  of  graphite  and  the  production  of  artificial  graphite 
for  the  same  period  as  above  are  also  given. 


Ybar 

Imports  Natural  GRAPHrrE 

Artificial  GRAPHma 

Quantity 

Value 

Quantity 

Value 

Price  per 
Pound 

1004 

1005 

1006 

1007 

1008 

Short  tons 

14.105 
17,457 
25.487 
22,030 
11,456 

$005,581 

083,034 

1,554,212 

1,777,380 

762.367 

Pounds 

3,248,000 
4,501.550 
5.074,757 
6.500.000 
7.385,511 

$217,700 
313.080 
837.204 
481,230 
502.667 

CenU 

6.70 
6.83 
6.64 
7.30 
6.80 
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The  world's  production  in  1907  is  given  below:  — 
Wobld's  Production  of  Graphite  in  1907 


COITNTBT 

Shobt 
Tons 

Valub 

Country 

Short 
Tons 

Valus 

United  States    .     .     . 

Austria 

Canada     

Ceylon 

France      

Germany       .... 
India 

29,277 

63,013 

579 

36.406 

138 

4,409 

2.725 

$296,270  1 

387.930 

16.000  ; 

2.889.596 

1,206 

47.671 

35.949 

Italy 

Japan       

Mexico 

Norway 

Queensland       .     .     . 
Sweden 

Total 

12.125 

115 

3.530 

1.543 

34 

36 

61.374 

6.222 

64.339 

14,974 

966 

946 

143.930 

13,797.142 

REFERENCES  ON  GRAPHITE 

1.  Anon.,  Min.  Indus.,  espec.  XI  :  343,  1903  and  XII  :  183,  1904.  2. 
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Geol.  Surv.,  Min.  Res.,  1908,  1909.  (N.Mex.)  4.  Bastin,  U.  S. 
Geol.  Surv.,  Min.  Res.,  1908,  1909.  (N.  Y.)  5.  Brown,  U.  S.  Geol. 
Surv.,  Min.  Res.,  1908,  1909.  (R.I.)  6.  Cirkel,  Rept.  on  Graphite, 
Dept.  Inter.  Can.,  Mines  Branch,  1907.  (General.)  7.  Downs, 
Iron  Age,  April  19  to  June  14, 1900.     (General  on  uses  and  technology.) 

8.  Frazer,  Amer.  Inst.  Min.  Engrs.,  Trans.  IX  :  730,   1881.     (Pa.) 

9.  Hayes   and   Phalen,  U.  S.  Geol.   Surv.,  Bull.  340  :  463.      (Ga.) 

10.  Kemp,  U.  S.  Geol.  Surv.,  BuU.  225:512,  1904.  (N.  Y.)  11. 
Kemp  and  Newland,  N.  Y.  State  Mus.,  51st  Ann.  Rept.,  II  :  539. 
(N.Y.)  11a.  Kemp,  Science,  n.  s.,  XII  :  81,  1900.  (Origin.)  12. 
Ogilvie,  N.  Y.  State  Mus.,  Bull.  96,  1905.  (N.Y.)  13.  Rowe,  Min. 
Wld.,  XXVIII  :  839,  1908.  (Mont.)  14.  Smith,  E.  A.,  Min.  Indus., 
XVI  :  567.  (Ala.)  15.  Smith,  G.  O.,  U.  S.  Geol.  Surv.,  BuU.  285  : 
480,  1905  (Me.)  16.  Smith,  P.  S.,  U.  S.  Geol.  Surv.,  Bull.  345  :  250, 
1907.  (Alaska.)  17.  Watson,  Min.  Res.  Va.,  1907  :  188.  (Va.) 
18.  Weinschenk,  Zur  Kenntniss  der  GraphitlagerstSltten,  Munich. 
1897.  (Origin.)  19.  Weinschenk,  Zeitschr.  f.  Kryst.  u.  Min.,  XXVII : 
135,  1897.     (Passau  district.) 


LITHIUM 

The  two  minerals  most  commonly  used  as  a  source  of  lithium  are 
Lepidolite  (KLi[Al(OH,F,)]Al(Si03)8)  and  Spodumene  (LiOj,  AljOs, 
4  8102).  The  largest  deposits  of  lepidolite  at  present  known  in  the 
United  States  are  found  near  Pala,  California.  Spodumene  occurs 
in  some  quantities  in  the  Black  Hills  of  South  Dakota  and  in  Con- 
necticut and  Massachusetts,  but  none  of  these  occurrences  have 
yet  been  worked  to  supply  Uthium. 

In  the  last  few  years  there  has  been  a  great  demand  for  lithium 
minerals  for  use  in  the  manufacture  of  lithium  carbonate.    Since 
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most  of  this  substance  now  in  use  is  made  in  Germany,  nearly  all  the 
American  mineral  has  been  shipped  to  that  country.  The  American 
supply  of  carbonate  is  imported  from  Germany,  selling  in  New  York 
for  $4.20  a  pound.  The  chief  use  of  lithium  salts  is  in  the  preparation 
of  mineral  waters. 

The  production  of  lithium  minerals  in  the  United  States  in  1908 
amounted  to  203  short  tons,  valued  at  $1550. 

LITHOGRAPHIC  STONE 

Properties.  —  Lithographic  stone  (1,  3)  is  a  very  fine-grained, 
homogeneous  limestone,  used  for  lithographic  purposes.  It  may 
be  either  pure  lime  carbonate  or  magnesian  limestone,  but  so  far  as 
known  this  difference  in  composition  exerts  no  important  influence 
on  its  physical  character.  The  two  following  analyses  will  serve  to 
indicate  this  difference  in  composition.  No.  1  being  the  standard 
Bavarian  stone  and  No.  2  the  Brandenburg,  Kentucky,  rock:  — 

Inbolubud  in  HCl  Soluble:  in  HCl 

Si0«  (AlFe),0,  CaO     AljO,     FcO      MgO        CaO       Na,0  K,0    Moist.    H,0       CO, 


1.  1.15     .22    Trace    .23      .26       .56    53.80         .07         .23      .69    42.69 

2.  3.15    .45      .09      .13     .31     6.75    44.76        .13         .41     .47    43.06 

The  physical  character  of  the  stone  is  of  prime  importance,  for  in 
order  to  yield  the  best  results  it  should  be  fine-grained,  homogene- 
ous, free  from  veins  or  cracks,  of  just  sufficient  porosity  to  absorb  the 
grease  holding  the  ink,  and  soft  enough  to  permit  its  being  carved 
with  the  engraver's  tool.  Owing  to  these  strict  requirements  but 
few  localities  have  produced  good  stone. 

Sources  of  Supply,  —  Lithographic  stone  is  not  confined  to  any 
one  geologic  formation,  and  deposits  have  been  reported  from  many 
states  both  east  and  west.  Some  of  these  appear  to  be  of  inferior 
quality,  while  others  are  too  far  from  railroads.  The  most  prom- 
ising developed  deposit  is  that  found  at  Brandenburg,  Kentucky 
(2,  6),  at  which  locality  a  bed  of  blue-gray  stone  three  feet  thick  is 
quarried  and  used  by  some  establishments  in  the  south  and  south- 
west. Another  bed  of  good  quahty  has  also  been  described  from 
Iowa  (1). 

The  main  source  of  the  world's  supply  is  obtained  from  the  Jurassic 
limestone  of  the  Solenhofen  district  in  Bavaria  (4),  in  which  the  quarries 
have  been  worked  for  a  number  of  years,  but  the  supply  is  said  to  be 
becoming  unsatisfactory  and  unreliable.  The  stones  are  trimmed  at  the 
quarries,  and  sizes  of  22  or  28  by  40  inches  are  in  the  greatest  demand. 
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From  these  they  range  up  to  sizes  40  by  60  inches.    The  best  quality  stones 
sell  for  22  cents  per  pound. 

The  domestic  demand  is  not  large,  and  it  is  probable  that  one  or 
two  well-developed  and  well-managed  native  quarries  could  no 
doubt  satisfy  it. 

The  successful  substitution  of  zinc  or  aluminum  plates  for  certain 
classes  of  lithographic  work  is  said  to  have  had  a  noticeable  in- 
fluence on  the  demand  for  hthographic  stone.  Onyx  has  also,  in 
some  cases,  been  found  to  make  a  good  substitute. 

REFERENCES  OR  LrTHOGRAPmC  STORES 

1.  Hoen,  la.  Geol.  Surv.,  XIII  :  339,  1902.  (la.,  also  general.)  ?.  Kabel, 
Eng.  and  Min.  Jour.,  LXXII  :  668,  1901.  (Ky.)  3.  KObel,  Min. 
Resources,  U.  S.  Geol.  Surv.,  1900  :  869,  1901.  (Excellent  general 
article.)  4.  Merrill,  Nonmetallic  Minerals  :  146,  1904.  5.  Mo. 
Geol.  Surv.,  Bull.  3  :  38,  1890.  (Mo.)  6.  Ulrich,  Eng.  and  Min. 
Jour.,  LXXIII  :  895,  1902.     (Ky.) 

MAGNESITE 

Properties  and  Occurrence.  — This  mineral,  which  is  a  carbonate 
of  magnesium  with  47.6  per  cent  magnesia  (MgO),  has  a  hardness 
of  3.5  to  4.5  and  a  specific  gravity  of  3  to  3.12. 

It  commonly  occurs  in  veins  or  in  masses  replacing  other  rocks 
rich  in  magnesia,  such  as  serpentines,  talcose  schists,  etc.^  Its 
color  is  white  or  yellowish,  and  when  massive  it  sometimes  resembles 
unglazed  porcelain,  but  is  quite  brittle. 

Most  of  the  magnesite  used  in  the  United  States  is  imported  from 
Styria  and  Greece,  the  only  important  domestic  occurrence  being 
California,  and  although  small  ones  are  known  in  Pennsylvania 
and  Maryland,  they  are  not  worked,  as  they  cannot  compete  with 
the  imported  magnesite. 

California  (1).  —  Deposits  of  magnesite  (Fig.  94)  are  scattered 
along  the  Coast  Range  from  Mendocino  County  at  least  to  a  point 
south  of  Los  Angeles,  and  along  the  western  slope  of  the  Sierra  Ne- 
vada from  Placer  County  to  Kern  County.  The  greatest  produc- 
tion comes  from  near  Porterville  in  Tulare  County  (Pig.  94).  The 
deposits  all  occur  as  veins  in  serpentine,  the  larger  number  being  in 
the  Coast  Range. 

The  much-fractured  and  faulted  serpentines  of  the  Coast  Ranges, 

*  The  deposits  of  Quebec,  Can.,  form  an  interesting  exception,  being  probably  of 
sedimentary  character. 
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which  are  probably  of  Lower  Cretaceous  age,  appear  to  have  been 
derived  from  olivine-pyroxene  rocks,  and  the  magnesite  may  have 


been  formed  from  both  the  serpentine-making  minerals  and  i 
serpentine  itself. 
It  ori^nated  prob- 
ably by  the  break- 
ing down  of  the 
latter  by  water 
charged  with  COi, 
which  miited  with 
the  MgO  to  form 
magnesium  car- 
bonate. Thismag- 
nesite  was  then 
precipitated  in 
vdos,  while  the 
silica  was  removed 

anA    nttan    Aanno-   ^'*'  ^^-  ~-  P'""  "^  masnentc  Vein*  and  workinBa  4 
ana   Olien   aepoa-  northeast  of  Portervillp.  CiUif.     (After  Hmi.  U.  S 

ited    as    opal    or        Surr.,  BvU,  355.) 
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quartz  in  other  veins,  or  with  the  magnesite.  In  some  cases  the 
magnesite  forms  a  network  of  veins  in  the  serpentine,  but  since  its 
origin  is  due  to  the  action  of  surface  waters,  the  deposits  may  be 
of  limited  depth.  As  the  magnesite  weathers  less  readily  than  the 
serpentine,  the  vein  outcrops  often  stand  out  in  bold  relief. 

The  following  analyses  show  the  composition  of  the  magnesite 
from  several  localities:  — 

Analyses  of  Magnesite 


Si02 

AI2O8 

FeaOs 

CaO 

MgO 

CO2 


1 

2 

3 

4 

7.67 

.73 

2.28 

1.67 

.26 

.14 

.03 

3.47] 

.29 

.21 

.26 

4.68  J 

.04 

.40 

1.32 

2.94 

43.42 

46.61 

45.17 

86.90 

48.08 

51.52 

50.74 

99.76 

99.61 

99.80 

99.66 

2.24 

2.05 

2.48 
93.63 

100.40 


1.  Siliceous  Magnesite,  8  m.  north  of  Cazadero,  Sonoma  County.  2.  Ala- 
meda claim,  Santa  Clara  County.  3.  Four  miles  northeast  of  Porter- 
ville,  Tulare  County.  Too  high  in  lime  for  good  cement.  Used  in 
wood-pulp  whitening.  4.  Calcined  magnesite,  Nyustya,  Hungary. 
5.  Calcined  magnesite,  Greece.     1-5  from  Ref.  1. 

Uses.  —  The  chief  use  of  magnesite  is  for  the  manufacture  of 
refractory  bricks.  These  are  produced  at  several  works  in  Penn- 
sylvania, but  only  imported  material  is  used,  the  low  price  of  six  to 
seven  dollars  per  ton  making  California  magnesite  profitable  only 
for  local  markets.  The  main  use  of  this  western  magnesite  is  for 
making  carbon  dioxide,^  while  the  residue  is  changed  to  sulphite 
and  used  in  paper  manufacture.  Magnesite  is  used  as  a  toilet  prep- 
aration, or  in  medicine,  and  as  a  boiler  covering  when  mixed  with 
asbestos.  A  moistened  mixture  of  magnesia  and  magnesium  chlo- 
ride forms  a  strong  cement  known  as  oxychloride  cement.  The  metal 
magnesium  is  not  obtained  from  magnesite,  but  from  magnesium 
chloride  obtained  from  the  Stassfurt,  Germany,  and  other 
brines. 

The  domestic  production  is  obtained  entirely  from  California 
and  has  been  as  follows:  — 


^  Owing  to  the  lower  temperature  of  decarbonation  of  magnesite  it  is  preferred  to 
calcium  carbonate  for  CO2  manufacture. 


platb  xxvrii 


m.  1.  — Vjpw  in  glaaa  sand  pit.  on  Sevan  River,  Md.  —  The  tunnel  ahows  posi- 
tion  of  bed  of  glass  sand.  The  overlying  beds  carry  too  much  iron  oxide. 
(tf.  ftim,  pholo.) 
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Pboduction  of  Magnesite  in  United  States,  1906-1908 

YlBAR 

QUANTTPT 

Valub 

1906 

Short  Tom 

7,805 
7.661 
6.587 

S23.415 

1007 

22.683 

1008 

10.761 

REFERENCES  on  MAGNESITE 

1.  Hess,  U.  S.  Geol.  Surv.,  BuU.  355,  1908.    (Calif.) 

2.  Struthers,  U.  8.  Geol.  Surv.,  Min.  Res.,  1902  :  983,  1903. 

3.  Yale,  Bng.  and  Min.  Jour.,  LXXVIII :  292,  1904.    (Calif.) 

MEERSCHAUM 

Meerschaum  or  Sepiolite,  which  is  well  known  on  account  of  its 
use  for  making  pipes,  and  other  smoker's  articles,  has  for  many 
years  been  obtained  mainly  from  Asia  Minor,  although  other  oc- 
currences are  known.  Recently,  however,  deposits  of  promising 
character  have  been  located  in  Grant  County,  New  Mexico,  and 
although  not  yet  commercially  developed,  deserve  mention. 

Sepiolite  has  a  probable  composition  of  H^Mg^iaOw,  and  when 
pure  is  a  white,  porous  mineral,  with  a  specific  gravity  of  about  2. 
It  absorbs  water  readily,  becoming  somewhat  plastic,  but  hardens 
again  on  drying.  It  has  a  hardness  of  2  to  2.5,  great  toughness,  and 
earthy  or  conchoidal  fracture,  the  toughness  being  most  pronounced 
in  those  forms  having  a  leathery  or  fibrous  texture.  Its  peculiar 
physical  properties  make  it  of  great  value  for  carving  into  pipes. 

In  New  Mexico  two  localities  are  known,  both  of  which  he  in  the 
upper  Gila  River  valley,  at  points  located  respectively  23  miles 
east  of  north,  and  12  miles  northwest  of  Silver  City. 

At  the  Dorsey  mine,  northwest  of  Silver  City,  the  meerschaum 
occurs  as  veins,  lenses,  seams,  and  balls  in  a  Umestone  of  probable 
Ordovician  age.  The  veins  are  filled  with  chert,  quartz,  calcite, 
clay,  and  meerschaum,  and  the  chert  which  is  the  most  important 
gangue  mineral,  occurs  in  the  veins  with  meerschaum  in  bands, 
lenses,  and  nodules. 

The  meerschaum  itself  occurs  either  as  irregular  nodules,  or  in 
massive  form.  Both  kinds  are  tough,  but  the  latter  is  finer  grained, 
less  leathery,  and  heavier. 

The  three  following  analyses  represent,  (1)  the  Dorsey  mine 
product;  (2)  the  theoretic  composition  of  meerschaum;  and  (3)  a 
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material  from  another  deposit,  which  resembles  the  true  meer- 
schaum,  but  differs  from  it  in  its  high  alimiina  content. 

Analyses  of  Mberschaum 


SiOs  . 
AI2O8  . 
Fe208  . 
MgO  . 
CaO  . 
COa  . 
H2O     . 

Total 


57.10 
.58 
tr. 

27.16 
.17 
.32 

14.78 


100.11 


60.8 


27.1 


12.1 


100.0 


3 


60.97 

9.71 

10.00 

.22 

19.14 


100.04 


The  deposit  cannot  as  yet  be  regarded  as  a  commercial  proposi- 
tion, but  may  become  so. 

REFERENCES  OR  MEERSCHAUM 

1.  Collins,    Min.    Wld^    XXVI  :  688,    1907.     (N.  Mex.)      2.  Sterrett, 
U.  S.  Geol.  Surv.,  Bull.  340  :   1908.     (General  and  N.  Mex.) 


MICA 

Properties  and  Occurrence.  —  There  are  few  minerals  more 
widely  distributed  in  crystalline  rocks  than  mica,  and  yet  deposits 
of  economic  value  are  rare  because  the  mica  flakes  are  either  too 
small,  or  too  intimately  mixed  with  other  minerals  for  profitable 
extraction.  Only  two  of  the  several  known  varieties  of  mica,  mus- 
covite  (H2KAl3Si30i2)  and  phlogopite  (H«IC6MgrAl2(Si04)7),  are  of 
economic  value,  the  former  only  being  found  in  deposits  of  economic 
value,  in  the  United  States.  The  commercial  deposits  are  usually 
found  in  pegmatites,  cutting  granites,  gneisses,  and  schists.  In 
these  the  mica  is  associated  with  quartz  and  feldspar  (usually  ortho- 
clase  or  microcline,  more  rarely  plagioclase),  being  found  in  rough 
crystals  called  blocks  or  books,  and  which  are  either  irregularly 
distributed  through  the  vein  or  collected  near  its  sides. 

In  addition  to  the  quartz  and  feldspar,  other  minerals  such  as 
tourmaUne,  beryl,  zircon,  columbite,  samarskite,  uranium  minerals, 
garnet,  etc.,  are  sometimes  present.  The  pegmatite,  which  carries 
the  mica,  and  may  be  of  igneous  or  gas-aqueous  origin,  occurs  as 
lenses,  veins,  irregular  masses,  etc.,  of  varying  thickness  and  length. 
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The  value  of  the  deposit  depends  more  on  the  abundance  and 
quahty  of  the  mica  than  the  size  of  pegmatite  body. 

The  best  mica  is  obtained  from  the  more  coarsely  crystalline 
rocks;  but  the  widest  vdns  do  not  necessarily  contain  the  largest 
blocks.  As  a  rule  the  mica  does  not  form  more  than  10  per  cent  of 
the  vein,  and  usually  not  more  than  10  or  15  per  cent  of  that  mined 
can  be  cut  into  plates,  the  rest  being  classed  as  scrap  mica. 

There  has  been  some  discussion  as  to  whether  the  pegmatites  are 
true  igneous  dikes  or  veins,  but  the  matter  cannot  be  said  to  be 
definitely  settled  in  all  cases.  It  is  probable  that  each  type  of 
origin  is  represented. 

Distribution  in  the  United  States.  —  Deposits  of  mica  have  been 
worked  in  a  number  of  states  both  east  and  west,  and  yet  but  few 
are  steady  producers.  The  more  important  ones  may  be  de- 
scribed. 

NotOi  Carolina  (4, 9).  —  The  mica  mined  in  this  state,  which  is 
the  leadit^  producer,  comes  from  three  belts  (Fig,  96);  viz.,  the 
Cowee-Black  MountEun,  the  Blue 
Bidge,  and  the  Piedmont  belts. 
That  from  the  first  is  chiefly 
clear  and  of  light  color  ("  wine  " 
or  "  rum  ") ;  that  from  the  second 
is  dark  smoky  brown  and  often 
more  or  less  speckled,  while  that 
from  the  third  is  often  of  good 

quahty  and  ^milar  to  the  Cowee-  -s^sir     -rt-r-    -«-•—. 

Black  Mountain  product.     Owing    Fio.  ee.  —  Map  shovring  areas  in  North 
to  a  frequent  capping  of  residual  Carolina  in   which   mica   has  been 

.,    J.  t  1.1.      1  -J.     ■  mined.     (After  Sierrril.  U.  8.  Geol. 

BoU,  discovery  of  the  deposits  is        ^^  g^  315  j 

difficult. 

The  mica-bearing  pegmatites  occur  in  mica,  garnet  cyanite, 
hornblende,  and  granite  gneisses  and  schists,  all  of  Arch^an  age, 
the  important  formations  being  the  Carolina  and  Roan  gneisses. 
The  rocks  of  these  two  are  interbandod  with,  and  cut  by,  streaks  of 
granitic  or  pegmatitic  material,  the  latter  forming  lenticular  bodies 
or  vein-like  deposits,  which  may,  or  may  not  be  conformable  with 
the  schistosity  of  the  country  rock. 

While  they  vary  in  size,  1  to  2  feet  seems  to  be  the  minimum 
workable  fimit  for  rich  and  regular  "  veins."  The  muscovite, 
which  is  the  main  mica  present  (biotite  being  the  other),  shows  a 
variable  mode  of  occurrence.     At  one  time  it  is  evenly  distributed 
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through  the  pegmatite,  at  another  large  crystals  are  found  in  clusters 
scattered  through  the  vein  (Fig.  97). 

The  better  grades  of  North  Carolina  mica  are  used  for  the  glazing 
industry,  while  the  less  perfect  sheet  material  is  employed  for  elec- 
trical work.     The  pegmatite  veins 
also  carry  a  number  of  rare  min- 
erals. 

South   Dakota   (8) .  —  Mica   is 

mined  in  the  region  around  Custer, 

South  Dakota.     The  muscovite, 

as  is  usual,  occurs  in  pegmatite, 

^MM    k'-'y]    l^'^'l    IV--''; I    i'0'\-\        cutting  schists  and  gneisses,  and 

**  '™'  —I—       granite.    The  material  is  of  evenly 

FiQ.  97.  —  Section  ncro8B  pegmatiM  at  i       ^    j.  l 

Thorn  Mounbdn  mi..e,  Macon  Co..  er».nulia  texture,  or  shows  an  ir- 
N,  Cb.  (,A/ier  sierrea,  u.  s.  Geol.  regular  Segregation  of  the  miner- 
Sun,.  Buu.  315.)  ^Is,  with  but  little  banding.     This 

latter  is  sometimes  roughly  produced  by  a  segregation  of  the  mica 
along  the  walls  of  the  deport.     Very  few  of  the  pegmatites  around 
Custer,  however,  carry 
enough   mica  to   pay 
for  working  them. 

In  the  New  York 
mine  (Fig.  98),  for  ex- 
ample, the  rough  mica 
obt^ned  along  the 
walls  amounts  to  6  or 
7  per  cent,  while  the 
iDt«rior  portion  of  the 

pegmatite      carries    Fiq.  98.  — Generaliied  ctom  section  of  No,  l  or  New 
about  0.5  per  cent,  and  '^°^^  ^*'°^'  °«"  Custer.  South  Dakota.     {After 

M  not  worked.  The  ^'-'».  "■«■»"'■  ^."■.  ""»■  ^ 
shape  of  the  pegmatite  bodies  around  Custer  ia  variable,  but  in  gen- 
eral they  resemble  the  dike  type,  and  appear  to  represent  an  end 
phase  of  the  granite  intrusions  of  that  region,  for  they  not  only  cut 
the  granite  itself,  but  in  places  grade  into  it.  Their  age  is  not 
definitely  known. 

Other  Statee.  —  Mica  in  peginatite  has  been  worked  at  Mica  Hill.  4 
miles  nortliwestof  Canon  City,  Colorado,  and  6  miles  north  of  Texas  Creek. 
Th&t  obtained  at  the  former  locality  is  peculiarly  adapted  to  (prinding  pur- 
poaea  (lO).  The  Virginia  (12)  oeeurreneea,  especially  those  in  Amelia 
County,  are  ot  some  importance.     That  found  near  Amelia  Court  Hous« 
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occurs  in  pegmatite  dikes,  which  intersect  the  biotite  gneiss  of  the  district. 
The  largest  dikes  are  more  than  50  feet  wide,  and  the  mica  occurs  in  them 
as  thick,  highly  cleavable  blocks,  and  masses  of  varying  size.  Deposits  are 
also  known  to  occur  in  northwest  G^rgia  (7),  and  while  they  resemble  the 
North  Carolina  deposits,  they  have  not  been  worked  much. 

Uses  of  Mica.  —  The  chief  use  of  mica  is  for  electrical  purposes, 
it  being  employed  as  an  insulating  material  in  dynamos,  motors, 
high  voltage  induction  apparatus,  switchboards,  lamp  sockets,  etc. 
The  domestic  product  is  found  to  be  uniformly  satisfactory  for 
electrical  work,  except  for  insulation  between  the  copper  bars  of 
commutator  segments.  This  use  seems  to  be  best  served  by  the 
amber  or  phlogopite  mica  obtained  in  Canada  and  Ceylon.  The 
superiority  of  this  variety  is  due  to  its  easier  wearing  qualities, 
which  cause  it  to  wear  down  even  with  the  copper  segments.  Mi- 
canite  or  mica  board  is  sheet  mica  obtained  by  cementing  small  clear 
pieces  of  scrap  mica  together  imder  pressure.  Since  it  can  be  bent, 
rolled,  and  punched,  it  is  utilized  mostly  for  the  same  purposes  as 
sheet  mica.  The  use  of  mica  for  stove  doors  and  chimneys  is  de- 
creasing, although  the  glazing  industry  still  demands  a  considerable 
amount  of  the  finest  grades  of  sheet  mica.  Scrap  mica  is  groimd 
for  use  in  the  manufacture  of  wall  papers,  lubricants,  fancy  paints, 
and  micanite.  That  used  for  electrical  work  must  be  free  from 
metallic  minerals,  and  that  for  wall  paper  and  paints  must  have 
suiEcient  luster. 

Production  of  Mica.  —  The  quantity  and  value  of  mica  produced 
in  the  United  States  from  1904  to  1908  by  kinds  is  given  below. 
The  complete  production  by  states  is  not  given  by  the  United  States 
Geological  Survey. 

Production  of  Mica  in  the  Unftbd  States  from  1904  to  1908 


Ybar 

Shbbt  Mica 

Scrap  Mica 

Total 

Quantity 

Value 

Quantity 

Value 

Valub 

1904 

Potmdt 

668.358 

924,875 

1.423,100 

$109,462 
160.732 
252.248 
349,311 
234.021 

Short  Tana 

1.096 
1.126 
1.489 
3.025 
2,417 

$10,854 
17.856 
22,742 
42.800 
33,904 

$120,316 

1905 

178.588 

1906 

274,990 

1907 

1.060.182 
972,964 

392,111 

1908 

267,925 

Examination  of  the  statistics  since  1880  shows  a  strong  fluctua- 
tion in  the  total  value  of  production. 
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The  average  price  of  sheet  mica  in  the  United  States  in  1908  was 
24.1  cents  per  pound,  as  compared  with  33  cents  in  1907  and  17.7 
cents  in  1906.  The  average  prices  for  the  individual  states  vary 
greatly  from  year  to  year,  due  in  part  to  variation  between  propor- 
tion of  rough  and  trimmed  mica,  and  size  of  sheets  produced.  The 
prices  per  pound  of  several  sizes  of  selected  mica  in  New  York  in 
1908  were  as  follows: 

2X2  in.,  $0.87;  2X3  in.,  $1.10;  2X5  in.,  $1.70;  3  X  3  in., 
$2.75;  3X4  in.,  $3.25;  4X6  in.,  $4.75;  6X8  in.,  $6.75. 

The  imports  of  mica  are  given  for  the  last  five  years,  since  to 
state  those  of  one  year  would  not  clearly  show  the  fluctuations. 
The  remarkable  drop  in  1908  is  not  explained. 

Mica  imported  and  entered  for  Consumption  in  the  United 

States,  1903-1908,  in  Pounds 


Ybab 


1904 
1905 
1906 
1907 
1908 


Unmanufactured 


Quantity 


1.085.343 
1.606,382 
2.984,719 
2.226.460 
497.332 


Value 


S241,051 
352.475 
983.981 
848.098 
224,456 


Cut  or  Triuubo 


Quantity 


61.986 
88.188 
82.019 
112.230 
51.041 


Value 


S22.663 
51.281 
68,627 
77.161 
41.602 


TOTAI. 


Quantity 


1,147.329 
1.694,670 
3.066.738 
2.338.690 
548.373 


Value 


S263.714 
403.756 

1.042.608 
925.269 
266.058 


A  small  quantity  of  mica  is  exported  each  year. 
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MINERAL   PAINTS 

Under  this  head  are  included  a  number  of  mineral  substances 
which  are  used  in  the  manufacture  of  paints.    Some  of  these  can  be 
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used  directly  after  cleaning  and  grinding,  while  others  are  roasted  to 
give  the  desired  color. 

The  substances  used  and  considered  in  this  chapter  include 
ocher,  umber,  sienna,  hematite,  siderite,  ground  slate,  and  shale. 
Other  substances  used  in  the  paint  trade,  but  mentioned  elsewhere, 
are  asbestos  (p.  211),  asphalt  (p.  85),  barite  (p.  217),  clay  (p.  124), 
graphite  (p.  241),  gypsum  (p.  178),  magnesite  (p.  248),  pyrite  (p. 281), 
silica  (p.  274),  talc  (p.  286),  and  whiting. 

Hematite.  —  Certain  kinds  of  hematite,  such  as  the  Clinton  ore 
(see  Iron  Ores),  are  ground  and  sold  under  the  name  of  metallic 
paints,  and  much  used  for  coating  wooden  surfaces  and  coloring 
mortar.  The  ores  are  sometimes  roasted  before  grinding  to  improve 
their  color  and  durability.  Although  hematite  deposits  are  wide- 
spread, and  sometimes  of  large  size,  the  quantity  of  material  show- 
ing the  necessary  uniformity  of  color,  freedom  from  grit,  etc.,  re- 
quired for  mineral  paint  is  small.  Much  crude  material  is  supplied 
by  the  Clinton  ore  mines  at  Clinton  and  Ontario,  New  York  (8). 

At  some  localities  in  northwest  Georgia  and  southeast  Tennes- 
see the  Clinton  oolitic  hematite  occurs  in  beds  too  thin  to  be  now 
mined  for  iron  ore,  but  its  softness,  high  percentage  of  iron  oxide  and 
color  make  it  available  for  red  paint  (3). 

The  following  analyses  show  the  composition  of  this  material. 


I 

II 

III 

• 

PeaOs 

SiOa 

P 

Mn 

72.86 

21.00 

.40 

.30 

83.14 
11.90 

80.00 

16.45 

.28 

I.  Estelle,  Ga.    II.  Ooltewah,  Tenn.    III.  Hinch's  Switch,  Tenn. 

Ochers.  —  The  term  ocher,  as  commonly  used,  includes  the 
earthy  and  pulverulent  forms  of  the  minerals  hematite  and  limon- 
ite.     More  or  less  clayey  matter  is  usually  present. 

Properties  and  Occurrence.  — The  ochers  show  a  variety  of  colors, 
depending  mainly  on  the  chemical  composition.  Thus  hematites 
give  a  deep  red  color,  while  limonites  have  some  shades  of  yellow  or 
brown,  but  whatever  the  color,  uniformity  of  tint  is  necessary. 
Ochers  may  contain  as  much  as  50  to  75  per  cent  iron  oxide  (10). 
Brown  ocher  or  umber  is  colored  by  manganese,  and  sienna  is  a 
yellowish-brown  variety. 

8 


258 


ECONOMIC  GEOLOGY 


Ochers  may  result  from  (5,  10) :  the  leaching  action  of  percolat- 
ing waters  and  subsequent  deposition;  as  residual  products,  formed 
by  the  removal  or  solution  of  the  soluble  parts  of  the  original  rock, 
leaving  the  insoluble  portions,  clay  and  iron  oxide,  to  form  the 
diflFerent  ocherous  colored  clays;  from  the  decomposition  of  rocks 
rich  in  iron-bearing  silicates;  by  oxidation  of  beds  of  pyrite;  by 
alteration  or  decomposition  of  hematite  beds;  by  alteration  of  more 
compact  forms  of  limonite;  by  replacement;  by  sedimentation. 

Distribution  of  Ocher.  —  Georgia  and  Pennsylvania '  are  the 
largest  producers  of  ocher,  but  California,  Vermont,  and  other 
states  help  to  swell  the  total. 

Georgia  (5,  6, 10).  —  In  this  state  the  ocher  deposits  occur  in  a 
north-south  belt,  8  miles  long,  lying  east  and  southeast  of  Carters- 
ville.  The  ocher  is  limited  to  the  Weisner  (Cambrian)  quartzite, 
in  which  it  occupies  an  extensively  shattered  zone  of  similar  posi- 


FiQ.  99.  —  Section  showing  relations  of  ocher,  quartzite,  and  clay,  near  Cartersville, 

Ga.     {ASter  Watson,  Oa.  Oeol.  Surv.,  BuU,  13.) 

tion  to  that  of  the  residual  clay  derived  from  the  rock  decay  (Fig. 
99).    The  following  analyses  represent  its  composition. 

Analyses  op  Georgia  Ocher 


FesOs 

AI2O8 

FeO 

MnOa 

SiOs  (free  sand)     . 
SiOsCconb)   .     .     . 

Moist 

H2O  above  106°  C. 


II 


72.29 

5.55 

.46 

.87 

6.65 

3.98 

.55 

9.22 


99.57 


56.29 

10.15 

.39 

.54 

8.94 

9.49 

2.08 

11.34 


III 


61.40 
7.14 

2.00 

11.89 

5.84 

.46 

9.37 


99.22 


98.10 


I.  Crude  ocher,  Mansfield  Bros.,  Lot.  462,  4th  dist.,  3d  sec.  Bartow  Co. 
II.  Crude  ocher  near  Emerson,  Bartow  Co.  Ill,  Refined  ocher,  Blue  Ridge 
Ocher  Co. 
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The  average  percentage  of  limonite  in  a  number  of  analyses  was 
74.15  per  cent  for  both  the  crude  and  refined  ocher.  There  is  ad- 
mixed with  it  about  20  per  cent  of  clay  and  finely  divided  quartz 
which  cleansing  will  not  eUminate.  The  ocher  of  this  district 
ranges  from  a  dark  to  a  Ught  yellow  color  dependent  chiefly  on  the 
amount  of  admixed  clay. 

According  to  Watson  (10),  the  Bartow  County  ocher  deposits 
have  been  formed  by  molecular  replacement  of  the  quartzite,  and 
subsequent  weathering  has  resulted  in  the  ocher  bodies  being  in- 
closed in  many  cases  in  residual  clays  derived  from  the  decay  of  the 
original  rock.  Hayes  (5)  states  that  the  ocher  forms  a  series  of 
irregular  branching  veins,  extending  in  all  directions,  but  often  ex- 
panding into  bodies  of  considerable  size. 

It  is  beUeved  by  Watson  (10)  that  the  iron  oxide  of  the  ocher  was 
derived  largely  from  the  decay  of  surface  rocks  and  carried  down- 
ward by  surface  waters  in  the  form  of  soluble  ferrous  salts,  but  that 
some  was  possibly  contributed  by  pjoite  in  the  quartzite.  The 
deposition  may  have  been  due  to  the  carbon-dioxide  solution  of 
ferrous  carbonate  meeting  an  oxidizing  solution,  resulting  in  a 
precipitation  of  the  iron  and  a  solution  of  the  siUca  of  the  quart- 
zite.* 

The  main  use  of  the  Georgia  yellow  ocher  is  in  the  manufacture 
of  Unoleum  and  oilcloths,  especially  in  England  and  Scotland.  It 
is  employed  to  a  Umited  extent  for  paint  manufacture. 

Pennsylvania.  —  The  ocher  deposits  of  eastern  Pennsylvania 
include  the  residual  deposits  of  the  Reading-AUentown  district  and 
the  bedded  deposits  of  the  Moosehead  district.  The  first  named 
includes  the  principal  ocher  belt  of  Pennsylvania  and  lies  in  Berks 
and  Lehigh  counties,  where  the  ocher  deposits  occur  as  irregular 
masses  in  a  residual  clay  derived  from  the  Shenandoah  (Cambro- 
Silurian)  Umestone.  Associated  with  the  ochers  are  nodules  and 
geodes  of  limonite,  as  well  as  smaller  quantities  of  turgite,  ilmenite, 
siderite,  and  pyrite.  The  product  after  washing,  drying,  and  grind- 
ing contains  from  12  to  30  per  cent  FejOae. 

In  the  Moosehead  area  a  bed  of  soft,  buff-colored  shale,  found  at 
the  base  of  the  Mauch  Chunk  shale,  and  resting  on  the  Pocono 
sandstone  (Lower  Carboniferous),  is  mined  for  paint.  It  is  of  low 
grade,  and  the  product  carries  from  6  to  7  per  cent  ferric  oxide. 

Umber  and  sienna  have  been  produced  in  small  quantities  in 

^  Van  Hi8e»  Treatise  on  MetamorphiBm,  p.  417. 
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Illinois  and  Pennsylvania,  and  sienna  in  addition  has  been  obtained 
from  New  York. 

Siderite  (1).  —  In  Southern  Carbon  County,  Pa.,  there  occurs  a 
somewhat  extensive  but  not  very  thick  bed  of  siderite  lying  between 
the  Oriskany  (Devonian)  and  Hamilton  (Devonian)  formations. 
The  section  shows 

Cement  rock 25  feet 

Paint  "ore" 2  feet 

Clay 8  feet 

35  feet 

The  brown  paint  "  ore,"  which  consists  chiefly  of  iron  carbonate, 
varies  in  thickness,  often  between  1  and  2j  feet,  and  rarely  reaching 
4  feet.  It  is  in  places  changed  to  hmonite  at  the  surface,  and  grows 
leaner  with  depth,  leading  to  the  belief  that  it  represents  a  replace- 
ment of  limestone  by  surface  waters. 

Below  are  given  (I)  an  analysis  of  the  crude  ore  (7),  and  (II)  an 
analysis  of  the  roasted  product  (4). 

Analyses  op  Siderite  Paint  "Orb"  from  Pennsylvania 


, 

I 

II 

Fe 

Mn 

Si02 

AhOs 

CaO 

MgO 

S 

P 

Loss  on  roasting    .     . 

34.60 
.929 
16.21 
5.492 
3.51 
1.081 
.674 
.018 
24.35 

Fe208  ...... 

MnO 

SiOa 

AI2O8 

CaO 

MgO 

SOs 

P2O6 

H,0 

COs 

42.70 
1.40 

37.20 
9.40 
1.70 
1.70 
1.88 
.14 
.60 
2.60 

86.854 

99.32 

This  paint  is  used  mainly  for  freight  cars,  and  in  lesser  amounts 
for  painting  steel,  tin,  boats,  and  as  a  filling  in  oilcloth  and  linoleum. 

Slate  and  Shale.  —  The  refuse  from  slate  quarries  is  sometimes  ground 
and  sold  as  a  pigment,  and  in  some  localities  shales  of  the  proper  color  and 
texture  are  utilized  for  the  same  purpose.  Their  value  depends  on  their 
color,  fineness,  and  amount  of  oil  required  in  mixing. 

Pennsylvania  and  New  Jersey  are  the  chief  producers.  The  Hamilton 
(Devonian)  shales  have  been  worked  for  some  years  in   Cattaraugus 
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County,  N.  Y.,  and  a  product  known  as  mineral  black  is  made  from  the 
slates  of  the  Hudson  River  (Ordovician)  series. 

Gypsum,^  known  also  as  terra  alba  or  mineral  white,  is  used  to  some 
extent  as  a  pigment  for  printing  wall  paper. 

Barite,^  or  barium  sulphate,  which  is  used  as  an  adulterant  of  white 
lead,  is  purified  after  mining  by  grinding  and  washing. 

Asbestos  ^  is  used  to  some  extent  in  paint  manufacture  for  the  so-called 
non-inflammable  or  fireproof  paints,  but  the  total  quantity  thus  utilized 
is  small. 

Graphite,^  either  natural  or  artificial,  supplies  a  black  pigment  of  per- 
manent color  which,  on  account  of  its  resistance  to  the  atmosphere  and 
ordinary  chemicals,  is  of  much  value  for  coating  oxidizable  metals,  such  as 
iron  and  steel. 

Calcium  Carbonate,  in  the  form  of  chalk,  known  commercially  as 
whiting  or  paris  white,  is  used  as  a  pigment  to  alter  the  shade  of  other  pig- 
ments as  a  basis  for  whitewash. 

Other  Paints.  —  Paints  sometimes  classed  as  mineral  paints  are  made 
from  other  crude  minerals,  as  follows  :  zinc  white  from  zino  ore;  white 
lead,  red  lead,  and  orange  mineral  from  lead;  Venetian  red  from  iron  sul- 
phate; vermilion  or  artificial  cinnabar  from  quicksilver;  chrome  yellow 
from  chromite;  cobalt  blue  from  cobaltite. 

Production  of  Mineral  Paints.  —  The  production  of  mineral 
paints,  as  well  as  the  imports,  are  given  below. 

Production   op  Natural  Mineral    Pigments,   1904-1908,   in   Short 

Tons 


Kind 


Ooher 

Umber     ..... 

Sienna 

Metallic  paint .  .  . 
Mortar  oolora  .  .  . 
Slate  and  shale  ground 

Totol      .    .    . 


1904 


QuANTrrr 


16,826 

I     522 

19,367 
7,525 
6,370 


49.600 


Valuh 


SI  10.602 

12,960 

204,377 
84,426 
63,709 


$466,074 


1905 


QUAKTITT 


13,402 

689 

16,489  « 
10,494 
5.181 


46,255 


Value 


S126.351 

17,004 

176,722 

120,430 

44,108 


$484,615 


1906 


Quantity 


15,482 

657 

17,992 

10.309 

6.481 


49.921 


Valub 


S148.049 

17.394 

204.026 

111,720 

40,540 


$521,729 


Knm 

1907 

1908 

Quantity 

Valub 

Quantity 

Valub 

Ocher 

16,971 

}          730 

16,225 

10,490 

4,130 

$164,742 

19.309 

195,176 

110,719 

40,540 

17,019 

2,756 

16,224 
9,026 
4,828 

$156,360 

Umber 

Sienna 

70.996 

Metallic  paint 

Mortar  colora 

Slate  and  shale  ground  .... 

182,007 
86.961 
40.220 

Total 

48,546 

$530,486 

49,853 

$536,544 

^  For  mode  of  occurrence  and  distribution,  Bee  main  treatment  of  these  minerals 
on  other  pages. 

'  Includes  a  small  quantity  of  ungrovuid  material. 
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The  imports  in  1907  and  1908  were  as  follows: 


Oeher 

Umber 
Sienna 


1907 


Quantity 


Pounds 

11,991,971 
3.398,259 
2.191,195 


Value 


S1(M.585 
26.713 
35.616 


1908 


Quantity 


Pounds 

9.253.760 
2.406.709 
1.763,894 


Value 


$75,076 
20.264 
28,865 


France  is  the  largest  producer  of  ocher,  the  United  States  being 
second. 
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MONAZITE 

Properties  and  Occurrence.  —  This  mineral  is  an  anhydrous 
phosphate  of  the  rare  earth  metals,  cerium,  lanthanum,  praseodym- 
ium and  neod3anium;  but  its  economic  value  is  due  chiefly  to  the 
small  amount  of  thoria  which  it  contains.  •  The  percentage  of 
thoria  in  monazite  ranges  from  less  than  1  to  20  or  more,  and  in 
conmiercial  monazite  varies  between  3  and  9  per  cent.  Although 
grains  of  monazite  are  found  scattered  through  many  granites  and 
gneisses,  still  no  occurrences  of  this  type  have  thus  far  proven  to  be 
of  commercial  value.  The  economically  valuable  deposits  are  all 
found  in  stream  gravels,  derived  from  the  disintegration  of  mona- 
zite-bearing  rocks.  Monazite  is  usually  light  yellow  to  honey 
yellow,  red,  or  brown  in  color,  has  a  resinous  luster,  a  specific 
gravity  of  5.203  (Penfield  and  Sperry)  and  a  hardness  of  5  to 
5.5.  It  is  very  brittle.  Its  gravity  and  color  aid  in  its  ready 
determination. 
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Iq  the  United  States  deposits  of  monazite  sand  have  been  found 
in  the  granite  and  gneiss  areas  of  North  Carohna  (2, 4)  and  South 
Carolina  (3),  and  these,  together  with  deposits  found  in  Brazil  (1), 
supply  nearly  the  entire  world's  demand.  A  small  quantity  is  also 
obtained  from  southern  Norway,  as  a  by-product  in  feldspar  mining. 
The  following  analyses  indicate  the  composition  of  monazite:  — 
Analtses  op  North  Carolina  Monaeite 


P^. 

Ce^. 

u,o. 

ThO. 

SiO, 

H,0 

Burke  Co.,  N.  C.   .     .     . 
Alexander  Co.,  N.  C.       . 

29.28 
29.32 

31.2S 
37.26 

30.88 
31.60 

6.49 
1.4S 

1.40 
.32 

.20 
.17 

The  depodts  known  in  the  Carolinas  have  been  found  within  an 
area  of  about  3500  square  miles  (Fig.  100),  which  lies  wholly  within 
the  Piedmont 
Plateau  region. 
The  chief  rocks 
are  gneisses  of 
different  kinds, 
schists,  granite, 
pegmatite,  peri- 
dotite,  quartz- 
diorite,  and  dia- 
base, but  the 
structural  condi- 
tions are  complex,  Fio.  100.  — Map  showinB  area  of  monarito  depoaita  of 
and  metamor-  known  commercial  vaJue  in  Bouthern  Appalachian  re- 
phism  has  often  <^°''-  ^^'^ ^''^'  ^-  ^'  '^^  ^"'-  *""■  ^^ 
obscured  the  ori^nal  character  of  the  rocks.  The  latter  are,  more- 
over, often  concealed  by  a  heavy  mantle  of  residual  soil. 

Where  the  monazite  has  been  found  in  the  bed  rock,  it  has  been 
chiedy  in  a  porphyritic  pegmatized  gneiss.  In  the  ordinary  gneiss, 
and  in  the  highly  pegmatized  gneiss;  the  monazite  is  far  less  abun- 
dant. These  occurrences  in  bed  rock  have  not,  however,  proved 
to  be  of  commercial  value,  and  the  only  important  deposits  are  the 
placers,  and  gravel  beds  in  the  streams  and  bottom  lands,  as  well  as 
some  surface  soils,  adjoining  the  rich  gravel  deposits. 

Id  some  areas  the  saprotite  or  rotted  rock  underlying  gravel  de- 
ports has  been  washed  with  favorable  results. 

The  monazite-bearing  gravels  range  in  thickness  from  one  to  two 
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feet,  including  overburden,  up  to  6  to  8  or  more  feet,  and  the  mona- 
zite  on  account  of  its  gravity  has  collected  more  abundantly  in  the 
lower  portion.  The  deposits  are  richest  in  those  regions  contain- 
ing an  abundance  of  granitic  rocks,  pegmatized  gneisses,  and  schists, 
while  in  the  gravel  itself,  the  presence  of  considerable  quartz  debris, 
and  fragments  of  such  rocks  as  pegmatite,  granite,  mica,and  cyanite 
gneiss,  are  favorable  signs. 

In  some  cases  the  supply  of  monazite  in  the  stream  gravels  may  be 
replenished  by  wash  from  the  hillsides  which  are  underlain  by  re- 
sidual soils  containing  monazite  grains. 

The  monazite  found  in  the  pegmatized  gneiss  is  beUeved  to  have 
been  derived  from  aqueo-igneous  solutions  passing  through  the 
rock,  and  depositing  and  recrystallizing  portions  of  it  into  the  min- 
erals of  pegmatite. 

Uses.  —  Monazite  is  usually  separated  from  the  gravels  by  a 
washing  process,  and  in  addition  magnetic  separation  has  in  some 
cases  been  employed  to  separate  it  from  the  associated  garnet, 
magnetite,  and  quartz. 

The  value  of  monazite  lies  in  the  incandescent  properties  of  the 
oxides  of  the  rare  earths,  ceriimi,  lanthammi,  didymiimi,  aiid  tho- 
rium, which  it  contains,  and  which  are  utiUzed  in  the  manufacture 
of  mantles  for  incandescent  lights. 

Production  of  Monazite.  —  The  production  of  monazite  for 
several  years  was  as  follows: — 

Pboduction  op  Monazite  in  the  United  States  from  1905  to  1908 


Ybab 


1905 
1006 
1007 
1908 


QUAMTITT 
CONCENTRATBS 


Pounds 

1,352,418 
847,275 
548,152 
422,646 


Valub 


$163,908 

152.560 

65.800 

60,718 


The  1907  production  includes  a  small  quantity  of  zircon;  the  1905  pro- 
duction includes  small  quantities  of  zircon  and  columbite.  The  imports  of 
thorium  nitrate  in  1908  were  65,289  pounds,  valued  at  $173,239. 
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CHAPTER  XII 
MINOR  MINBRALS  -  PRECIOUS  STONES  —  WAVELLITB 

PRECIOUS  STONES 

The  names  gems  and  jyredous  stones  (1,  2)  are  applied  to  certain 
minerals,  which  on  account  of  their  rarity,  as  well  as  hardness,  color, 
and  luster,  are  much  prized  for  ornamental  use.  The  hardness  is  of 
importance  as  influencing  their  durability,  while  their  color,  luster, 
and  even  transparency  affect  their  beauty.  A  distinction  is  some 
times  made  between  the  more  valuable  stones,  or  gems  (such  as 
diamond,  ruby,  sapphire,  and  emerald),  and  the  less  valuable,  or 
precious  stones  (such  as  amethyst,  rock  crystal,  garnet,  topaz, 
moonstone,  opal,  etc.). 

Most  gems  are  found  in  unconsolidated  surface  deposits  represent- 
ing either  residual  material  or  alluvium  derived  from  it,  and  in  the 
latter  their  concentration  and  preservation  is  due  to  their  weight 
and  hardness.  When  foimd  in  solid  rock,  the  metamorphic  and 
igneous  types  are  more  often  the  source  than  the  sedimentary  ones. 

Many  different  minerals  are  used  as  gems  (1,  2),  but  only  a  few 
of  the  important  ones  can  be  mentioned  here,  and  the  number  of  the 
more  valuable  kinds  found  in  the  United  States  is  very  limited 
(4, 12).  Every  year,  however,  discoveries  of  one  kind  or  another  are 
reported,  and  reference  is  usually  made  to  these  in  the  Mineral  Re- 
sources of  the  United  States  published  annually  by  the  United 
States  Geological  Survey. 

Diamond.  —  This  mineral,  which  is  the  hardest  of  all  known 
natural  substances,  is  pure  carbon,  crystallizes  in  the  isometric 
system,  and  has  a  specific  gravity  of  3.525.  It  occurs  in  many 
different  colors,  of  which  white  is  the  commonest,  and  is  found 
either  in  basic  igneous  rocks  or  in  alluvial  gravels. 

The  massive  forms,  known  as  bort  or  carbonadOf  have  little  or  no 
cleavage,  and  are  of  value  only  as  an  abrasive. 

The  greatest  number  of  diamonds  come  from  South  Africa,  but 
other  deposits  of  commercial  value  occur  in  India,  Borneo,  and 
Brazil. 
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In  the  United  States  a  few  scattered  diamonds  have  been  found 
in  the  drift  or  soil  of  the  southern  Alleghanies,  California,  Wisconsin, 
and  Indiana,  but  they  are  all  small  (10, 12, 13, 15). 

The  only  and  first  locality  in  North  America  where  diamonds 
have  been  found  in  place,  is  in  Pike  County,  Ark.  (9.  13),  where,  at  a 

locality  2^  miles  south- 
east of  Murfreesboro, 
there  is  a  small  area 
of  peridotite.  This 
igneous  rock  forms  a 
small  stock  which  has 
cut  through  indis- 
tinctly bedded  Car- 
boniferous sandstones 
and  quartzites,  which 
are  overlain  uncon- 
formably  by  Creta- 
ceous sandstones,  and 
the  latter  in  turn  by 
post-Tertiary  con- 
glomerates. 

The  residual  clay 
derived  from  the  peri- 
dotite is  of  two  kinds, 
the  one  of  yellowish- 
green  color  represent- 
ing more  advanced 
decomposition,  and 
the  other  of  bluish-green  shade  and  usually  underlying  the 
first.  The  bluish-green  material  is  known  to  extend  to  a  depth  of 
from  20  to  60  feet.  The  diamonds  are  found  disseminated  through 
the  decomposed  peridotite. 

Up  to  July  1,  1909,  over  700  diamonds  had  been  found.  Of  the 
first  540  stones  discovered  (9),  505  weighed  217  carats.  The  largest 
one  found  weighs  6^  carats.  Three  have  been  cut  and  yielded  gems 
valued  at  from  $60  to  $175  per  carat. 

More  recently  a  new  peridotite  area  has  been  described,  which  is 
located  three  miles  south  of  east  of  Murfreesboro.  This  has  also 
yielded  a  few  diamonds  (21). 

The  probable  origin  of  the  diamond  has  provoked  much  discussion 
among  scientists,  and  a  number  of  successful  attempts  have  been  made  to 


Fig.  101.  —  Map   of   the  Arkansas  diamond  area. 
(After  FuUer,  Eng.  and  Min.  Jour.,  LXXXVII.) 
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produce  it  artificially.  These  indicate  its  formation  by  crsrstallization 
from  a  fused  magma,  which  in  most  cases  has  a  composition  resembling 
peridotite.  As  corroborative  of  this  we  have  the  occurrence  of  South 
African  diamonds  in  or  near  volcanic  pipes  of  peridotitic  character,  and 
Lewis  has  suggested  that  the  stones  were  formed  by  the  solvent  action  of  the 
molten  peridotite  magma  on  carbonaceous  shales.  Some  have  disputed 
this  idea,  and  believe  that  the  diamond  is  an  original  constituent  of  the 
magma,  from  which  it  crystaUized  on  cooling.  As  opposed  to  an  igneous 
origin  is  the  statement  of  G.  F.  Williams,  that  he  found  an  inclusion  of 
apophyllite  (a  highly  hydrous  mineral)  in  a  Kimberly  diamond.  All  dia- 
monds do  not  occur  in  peridotite,  for  in  Brazil  hydromica  schists  and  quartz- 
ite  may  contain  them,  while  certain  Indian  ones  appear  to  have  been 
derived  from  pegmatite,  and  some  Australian  ones  in  hornblende-diabase. 
The  most  that  can  perhaps  be  said  is  that,  while  much  of  the  evidence 
indicates  an  igneous  origin,  the  diamond  has  not  necessarily  been  obtained 
in  all  cases  from  the  same  kind  of  magma. 

Emerald.  —  This  gem  is  a  variety  of  beryl,  essentially  a  glucinum- 
aluminum  silicate.  Its  hardness  is  7.5  to  8,  and  its  specific  gravity 
2.5  to  2.7.  Its  brilliant  green  color  is  attributed  by  some  to  chro- 
miimi,  by  others  to  organic  matter.  Brazil,  Hindustan,  Ceylon, 
and  Siberia  are  all  important  sources.  In  the  United  States  a  few 
have  been  found  in  western  North  Carolina  (12,  15)  in  gravel  de- 
posits. Flawless  emeralds  are  very  rare,  and  equal  in  value  to 
diamonds. 

Aqiuimarine  and  oriental  cat^s-^e  are  also  varieties  of  beryl. 
Brazilian  emerald  is  a  green  variety  of  tourmaline,  and  lithia  emerald 
an  emerald-green  spodmnene. 

Garnet. — Of  the  several  varieties  of  garnet,  three  are  well  known 
as  gem  stones,  viz.  the  precious  garnet,  or  almandite,  Bohemian 
garnet,  or  pyrope,  and  manganese  garnet,  or  spessarite.  The  first 
two  are  of  deep  crimson,  the  last  of  orange-red  or  light  red-brown 
color.  India  is  the  main  source  of  supply.  All  three  varieties 
mentioned  are  found  in  the  United  States,  but  there  is  a  regular 
production  only  of  the  pyrope  from  Arizona  and  New  Mexico,  and 
a  purple-red  garnet  known  as  rhodolite  from  North  Carolina 
(4, 12, 15). 

Those  found  in  the  southwest  (22)  have  for  many  years  been 
collected  by  the  Navajo  Indians.  Clear  red  garnets  associated 
with  peridot  gems,  which  have  been  weathered  out  of  basic  igneous 
rocks,  have  been  found  at  several  places  around  and  north  of  Fort 
Defiance,  Utah,  but  those  obtained  from  these  localities  are  small 
and  not  worth  cutting.  The  supply  of  gem  garnets  comes  from 
close  to  the  Utah-Arizona  line,  at  a  point  12  miles  southwest  of  the 
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junction  of  the  Chin  See  Valley  and  San  Juan  River  in  Utah.  In 
this  region,  which  is  underlain  by  sandstone  of  probable  Triassic 
age,  pierced  by  numerous  basic  igneous  rocks,  the  garnets  are  found 
chiefly  in  a  coarse,  unconsolidated  drift  or  gravel  layer,  associated 
with  feldspar,  diopside,  quartz,  and  igneous  rock  fragments.  The 
garnets  range  in  size  from  small  grains  to  others  over  3  centimeters 
in  diameter,  but  the  gem  stones  are  not  over  12  millimeters  across. 

Opal,  which  is  hydrous  silica  chemically,  is  amorphous,  with 
conchoidal  fracture,  yellow,  red,  green,  or  blue  color,  and  often 
showing  considerable  iridescence.  The  varieties  recognized  are  the 
precious  opal,  fire  opal,  girasol,  and  common  opal.  The  finest 
examples  of  precious  opal  are  obtained  from  Hungary.  Others 
are  also  found  at  Queretaro,  Mexico,  and  in  Oregon  and  Washington. 
The  United  States  production  is  small,  although  it  is  thought  that 
that  are  many  scattered  occurrences  in  the  igneous  rocks  of  Wash- 
ington, Idaho,  Oregon,  California,  Nevada,  and  Utah  (4, 12). 

Peridot.  —  This  name  is  applied  to  a  deep  olive-green  variety  of 
chrysolite,  a  silicate  of  magnesiiun  and  iron.  Peridot  has  a  low 
hardness  (6.75)  as  compared  with  other  gems,  while  its  specific 
gravity,  3.3  to  3.4,  is  relatively  high. 

Gem  peridot  is  found  in  two  regions  in  Arizona  (22)  viz.  north  of 
Forth  Defiance  in  the  Navajo  Indian  Reservation,  and  near  Bice 
in  the  White  Mountains  Apache  Indian  Reservation.  In  the 
former  district  the  peridot  is  plentiful,  and  is  found  associated  with 
volcanic  rocks.  These  are  monzonite  porphyry,  orthoclase  basalt, 
and  peridotite  agglomerate.  The  peridot,  which  appears  to  have 
been  derived  from  the  agglomerate,  is  foimd  in  the  soil,  and  asso- 
ciated with  it  are  such  minerals  as  garnet,  diopside,  quartz,  calcite, 
titanic  iron,  etc.  Gems  of  1  to  2  carats'  weight  are  fairly  abundant, 
and  some  of  3  to  4  carats  are  found.  Those  of  dark  yellowish-green 
color  are  commonest. 

In  the  Rice  district  peridot  is  found  not  only  in  the  original 
basalt  rock  matrix,  but  also  loose  in  the  soil. 

Ruby.  —  A  red,  transparent  variety  of  corundmn  (AljOa),  having 
a  hardness  of  9  and  a  specific  gravity  of  4.  The  most  valuable  color 
in  ruby  is  a  deep,  clear,  carmine  red.  Rubies  of  large  size  are 
scarce,  so  that  a  3-carat  stone  of  good  color  and  flawless  is  worth 
several  times  as  much  as  a  diamond  of  the  same  size.  The  best 
ones  come  from  Burma.  In  the  United  States  they  have  been 
foimd  in  the  stream  gravels  of  Macon  County,  North  Carolina,  but 
the  production  is  not  a  steady  one.    Those  foimd  in  Arizona  and 
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other  western  states  are  not  true  rubies,  but  a  variety  of  garnet 
(4, 12. 16). 

Sapphire  is  a  blue,  transparent  variety  of  corundum  (AlgOs).  It 
is  of  slightly  greater  hardness  and  specific  gravity  than  the  ruby, 
though  of  similar  composition.  Sapphires  of  good  color  and  size 
are  more  common  than  rubies  and  cheaper.  The  best  sapphires 
come  from  Siam.  In  the  United  States  they  have  been  found  in 
the  gravels  of  C!owee  County,  North  CaroUna,  but  Yogo  Gulch, 
Montana,  is  now  the  main  source  of  domestic  supply.  They  range 
in  weight  from  under  1  up  to  4  or  5  carats  (4, 12, 18). 

The  Montana  sapphires  were  first  found  in  gravel  bars  on  the 
Missouri  River,  but  subsequently  they  were  discovered  in  dikes 
of  basic  igneous  rock  cutting  Carboniferous  (?)  limestone  in  south- 
western Fergus  County.  The  rock  is  of  somewhat  basic  character 
belonging  to  a  type  known  as  monchiquite,  and  the  sapphires  are 
obtained  from  the  somewhat  decomposed  portions  of  the  dike. 

There  are  two  companies,  both  operating  on  the  same  dike,  which 
has  a  width  of  10  to  20  feet,  and  has  been  traced  for  a  distance  of 
5  to  6  miles. 

Spodumene.  —  A  remarkable  transparent  lilac-colored  and  pale 
pink  to  white  spodumene,  known  as  Kumite  (14)  has  been  found  in 
California  not  far  from  the  rubellite  locality,  and  occurring  in  a 
pegmatite  dike,  where  it  is  closely  associated  with  gem  tourmalines. 

Topaz.  —  This  is  a  fluosilicate  of  alumina,  crystallizing  in  the 
orthorhombic  system,  with  a  hardness  of  8,  specific  gravity  of  3.5, 
vitreous  luster,  and  yellow,  green,  blue,  red,  or  colorless.  It  occurs 
in  gneiss  or  granite,  as  well  as  in  other  metamorphic  or  igneous  rocks, 
and  is  associated  with  beryl,  mica,  tourmaline,  etc.  It  is  also  found 
in  alluvial  deposits.  The  best  gem  stones  come  from  Ceylon,  the 
Urals,  and  Brazil.  In  the  United  States  they  have  been  found  in 
small  quantities  in  Maine,  Colorado,  California  (12),  and  Utah. 

In  Utah  topaz  (17)  is  found  in  the  Thomas  range  of  mountains  about 
40  miles  north  of  Sevier  Lake,  at  a  locality  known  as  Topaz  Mountain.  The 
transparent  crystals  occur  in  lithophysee  in  rhyolite,  and  vary  from  color- 
less to  wine  color.  Rough  opaque  crystals  are  scattered  through  the  solid 
rhyolite.  The  crystals  are  believed  to  have  been  formed  by  vapors  or  solu- 
tions contemporaneous  or  nearly  so  with  the  final  consolidation  of  the  rock. 
In  the  weathering  of  the  rock  the  crystals  fall  out  and  become  mixed  with 
the  soil,  the  colored  ones  fading  on  exposure  to  the  light. 

Topaz  is  obtained  from  pegmatite  veins  near  Ramona,  San  Diego  County, 
where  it  occurs  in  pockets  in  albite  and  orthoclase.  The  topazes  are  white, 
yellow,  seargreen,  and  sky-blue,  some  of  them  being  of  large  size  (14). 
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Tourmaline.  —  This  is  a  complex  silicate,  of  aluminum  and 
boron,  with  usually  varying  amounts  of  iron,  magnesium,  alkaUes, 
and  water.  It  has  a  hardness  of  7  to  7.5  and  a  specific  gravity  of 
2.98  to  3.20.  The  color  is  variable,  and  this  variation  may  exist  in 
the  same  crystal. 

The  opaque,  black,  or  brown  tourmaline  is  a  somewhat  conmion 
mineral  in  many  metamorphic  rocks,  as  well  as  in  granite  and  other 
eruptive  rocks,  but  this  variety  has  no  value  as  a  gem. 

Gem  tourmaUnes  are,  however,  rather  rare,  being  known  in  Brazil, 
Russia,  and  Ceylon,  and  in  this  country  in  the  states  of  Maine, 
Connecticut,  and  CaUfornia.  Of  the  gem  tourmalines  the  red  ones 
are  most  highly  prized,  especially  the  darker  ones;  the  green  ones 
are  usually  dark  green. 

A  large  number  of  green  tourmalines  have  been  obtained  from  a 
pegmatite  granite  at  Paris,  Maine,  and  many  are  found  in  a  belt  ex- 
tending from  Auburn  to  Newry  (23).  The  gems  here  are  Ukewise 
found  in  pegmatite,  and  are  associated  with  beryl. 

An  interesting  and  important  occurrence  of  red  tourmaline 
{rvbellite)  has  been  worked  at  Pala,  San  Diego  County,  CaUfornia. 
The  crystals  here  form  radiating  groups  in  lepidolite  and  the  earlier 
discovered  ones  were  clear  enough  for  cutting.  Valuable  crystals, 
many  of  gem  character,  have  since  been  found  in  pegmatite  veins 
near  Pala,  and  near  Mesa  Grande  (14). 

Turquoise  is  a  massive  hydrated  aliuninmn  copper  phosphate, 
of  waxy  luster,  blue  to  green  color,  and  opaque.  Its  hardness  is  6, 
and  specific  gravity  2.75.  It  usually  occurs  in  streaks  and  patches 
in  volcanic  rocks.  The  best  varieties  are  obtained  from  Persia, 
but  it  is  also  obtained  from  Asia  Minor,  Turkestan,  and  Siberia, 
In  the  United  States  turquoises  are  found  in  the  Los  Cerillos 
Mountains  near  Santa  F6,  New  Mexico,  and  Turquoise  Mountain, 
Arizona,  as  well  as  in  Colorado. 

It  is  interesting  to  note  that  turquoise  was  hardly  known  in  the 
United  States  in  1890,  but  now  the  bulk  of  the  world's  supply  comes 
from  the  southwestern  states  and  territories  (16  a,  22,  25). 

In  1908  the  production  of  turquoise  in  the  United  States 
came  from  New  Mexico,  Nevada,  .  Arizona,  California,  and 
Colorado. 

Turquoise  mines  have  been  operated  in  the  Burro  Mountains, 
15  miles  southwest  of  Silver  City,  New  Mexico.  The  country 
rock  of  granite,  which  is  cut  by  andesite-porphyry,  andesite,  and 
dacite,  is  much  altered,  and  the  turquoise  is  found  in  a  vein  or 
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fissured  zone,  which  contains  kaolinized  feldspar  and  secondary 
quartz. 

In  this  strip,  which  is  40  to  60  feet  wide,  the  turquoise  occurs  as 
veins  and  nuggets,  the  former  filling  cracks  in  the  granite  -^  to  | 
inches  wide,  and  the  latter  in  the  kaolin.  The  veinlets  often  cross 
and  indicate  successive  periods  of  deposition. 

A  diversity  of  opinion  exists  regarding  the  origin  of  the  turquoise. 
Silliman  (Amer.  Jom*.  Sci.,  1881,  July,  p.  67)  believes  it  to  have 
been  formed  by  heated  water  and  vapors,  which  destroyed  the  orig- 
inal character  of  the  rock  and  produced  new  compounds.  Clarke 
and  Diller  suggested  that  the  turquoise  represents  a  replacement  of 
the  apatite  of  the  granite.  Johnson  (16  a)  advanced  the  theory 
that  gases  played  a  r61e  in  the  decomposition  of  the  rock,  and  called 
attention  to  the  association  of  fluorite  with  the  turquoise.  The 
alumina  of  the  turquoise,  he  thinks,  was  derived  from  the  feldspar, 
the  phosphorus  from  the  apatite,  and  the  copper  from  cupriferous 
solutions  which  formed  the  ores  in  that  region. 

Zalinski  (25)  believes  that  hot  solutions,  coming  from  below, 
caused  a  kaolinization  of  the  granite,  the  silica  set  free  in  this  connec- 
tion being  deposited  in  cracks  and  fractures  with  the  turquoise. 
Solutions  carrying  aluminum  phosphate  rose  along  fissures  parallel 
with  the  walls,  while  the  copper  solutions  came  along  an  intersect- 
ing series.     Intermingling  of  the  two  solutions  formed  the  turquoise. 

In  Mohave  County,  Arizona  (22),  the  tmrquoise  is  found  in  the 
yoimger  intrusive  porphyries  and  granite,  both  of  which  have  been 
more  or  less  altered,  especially  around  the  turquoise  deposits. 
This  alteration  consists  of  kaolinization,  but  there  has  also  been 
some  silicification,  as  shown  by  a  deposition  of  quartz  in  joints  and 
between  the  grains.  Some  of  the  turquoise  seems  to  have  been 
derived  from  the  kaolin  by  the  addition  of  phosphoric  acid  and 
copper,  but  much  of  it  has  been  deposited  from  solution,  as  it  occurs 
as  seams  and  veinlets,  as  well  as  in  patches  or  streaks  in  quartz 
seams  and  veinlets.     The  nodular  turquoise  is  less  common. 

The  Colorado  turquoise  deposits  are  associated  with  trachyte, 
but  they  show  relations  similar  to  the  Arizona  material. 

Variscite.  —  This  mineral  alone  is  not  used  as  a  gem  stone,  but  it 
is  cut  with  its  associated  matrix.  This  mixture,  which  is  some- 
times called  amatrice  (26),  is  composed  of  variscite,  wardite,  and 
probably  other  associated  minerals  such  as  chalcedony  and  quartz. 
The  first  two  are  hydrous  phosphates  of  aluminum,  showing  vary- 
ing shades  of  green,  of  compact,  tough  character,  and  having  a 
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hardness  of  4  and  5  respectively.  The  matrix  consists  of  chalcedony 
and  quartz  with  other  minerals,  among  them  yellowish  gray  and 
white  phosphates.  The  decorative  value  of  the  material  lies  in 
the  variety  and  arrangement  of  its  colors. 

Pboductiqn  op  Precious  Stones  in  the  United  States  in  1906,  1907, 

AND  1908 


AcatM,  ohaloedony.  etc., 
moonstones,  etc..  onyx. 

Amethyst    ...... 

Azunnalaohite.  malachite, 
etc. 

Benitoite 

Bei;^!,  aquamarine,  blue, 
pmk,  etc. 

Califomite 

Catlinite 

Chiastolite 

Chloraatrolite 

Chrysocolla 

Chrysoprase 

Granite 

Diamond 

Diopside 

Emerald 

Epidote 

Feldspar,  simstone,  amaion 

stone,  etc. 
Qamet.  hyacinth,  pyrope, 

almandine,  rhodolite. 

Gold  quarts 

Jasper 

Opal 

Peridot 

Phenadte 

Petrified  wood      .     .     .     . 

Prase 

Pyrite 

Quarts,  rook  crystal,  smoky 

quarts,  rutilated,  etc. 
Rose  quarts 

Rhodochrosite 

Rhodonite 

Ruby 

Rutiie 

Sapphire 

Smithsonite 

Spodumene,  kunsite,  hid- 
denite. 

Thompsonite 

Topaa      

Tourmaline 

Turquoise  and  matrix   .     . 

Variscite,  amatrioe,  utahlite 


Valub 


1906 


$800 
700 


9,000 

25 
32,470^ 


100 
3.000 


2,400 
250 

150 
50 

3,050 

4,000 


600 
39,100 


14,000 


1,550 
72,5001 
22,250 

2,000 


$208,000 


1907 


$650 

850 
250 

1.500 

6,435 


25,000^ 
25 
20 


150 
46,500^ 

100 
2,800^ 


1,3201 

60 

1,110 

6,460 

1.000 
675 
180 

1,300 
25 

325 


400 
2,580 

6,375 

150 

2.000 
200 
229.8001 

800 
14.500 


2,300 
84,1201 
23,840 

7,500 


$471,300 


1908 


$1,125 

210 
5,450 

3.638 

7,485 


25 

600 

48,2251 


2,1001 
120 


2,850 

13,100 

1,010 


Rbicarks  on  1908  PBODUcnoii 


50 

1,300 

95 


3.595 
568 

1.250 

58,3971 

1.2001 
6,0001 

35 
4,435 

90,0001 

147,9501 

14.250 


$415,063 


California,  Utah,  and  Michigan. 

Colorado  and  North  Carolina. 
4,676  pounds;  Arisona  and  Utah. 

1,048  cut  stones,  rough  material, 
still  imsold. 

California,  North  Carolina,  New 
Hampshire,  Maine,  and  Connecti- 
cut; partly  cut  gems. 

Mined  but  not  sold. 

No  production  reported. 
Do. 

Michigan. 

Arisona  and  California. 

3,990  pounds;  California,  in  the 
rough. 

No  production  reported. 

362  stones;  Arkansas. 

Utah  and  California. 

No  production  reported. 
Do. 

2,105  pounds;  Colorado  and  North 
Carolina. 

California,  Utah,  and  North  Caro- 
lina, partly  cut  gems. 

Western  States  and  North  Carolina. 

No  production  reported. 

20  poimds  rough;    Colorado. 

Chiefly  from  Arisona. 

Maine.  Colorado,  and  New  Hamp- 
shire. 

No  production  reported. 
Do. 
Do. 

Several  hundred  pounds  in  the 
rough;  some  cut  gems. 

6,500  pounds  in  the  rough;  South 
Dakota. 

No  production  reported. 

500  pounds;  California. 

No  production  reported. 
Do. 

1,655,402  carats;  Montana  and 
Indiana.  - 

New  Mexico  and  Utah. 

90  pounds;  California. 

Michigan. 

California,  Utah,  Texas,  and  Colo- 
rado. 

3,300  pounds;  California.  Connecti- 
cut, and  Maine. 

29,590  pounds;  Arisona,  New 
Mexico,  Nevada,  and  California. 

Utah,  cut  gems  and  in  the  rough. 


1  Estimated. 
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Productioii  of  Precious  Stones.  —  The  United  States  produces  a 
number  of  different  kinds  of  gems  and  precious  stones,  but  the 
total  output  is  by  no  means  large.  Moreover,  those  kinds  most 
used  are  produced  in  but  small  amoimts.  The  collection  of  ac- 
curate statistics  of  production  is,  for  several  reasons,  quite  difficult, 
and  therefore  the  output  has  to  be  estimated  in  some  cases.  The 
figures  of  production  for  1906  to  1908,  together  with  the  producing 
states  in  1908,  are  ^ven  on  the  opposite  page. 

The  imports  of  precious  stones  into  the  United  States  for  1904  to 
1908  as  reported  by  the  Bureau  of  Statistics  is  given  below. 


Ybab 

Valub 

Ybab 

Valub 

1904 

$27,228,903 
36.845.519 
43.602.476 

1907 

1908 

S3 1.866.599 

1906 

13,700.404 

1906 

REFEREITCES  OIT  PRSaOUS  STORES 

General  Works.  1.  Bauer,  Edel^teinkunde.  (Leipzig,  1896.  Transla- 
tion by  L.  J.  Spencer,  London.)  2.  Farrington,  Qems  and  Gem 
Minerals.  (Chicago,  1903.)  3.  Goodchild,  Precious  Stones.  (N.T., 
1908.)  4.  Kunz,  Gems  and  Precious  Stones  of  North  America.  (N. 
Y.,  1892.)     5.  Streeter,  Precious  Stones  and  Gems.     (London,  18^.) 

Special  Papers.  6.  Baskerville,  Science,  n.  s.,  XVIII :  303, 1903.  (Kunz- 
ite.)  7.  Blatchley,  Ind.  Dept.  Geol.  Nat.  Res.,  XXVII :  11.  (Dia- 
monds in  drift,  Ind.)  8.  Qarke,  U.  S.  Geol.  Surv.,  Bull.  330 :  262, 1908. 
(Diamond  genesis.)  9.  Fuller,  Eng.  and  Min.  Jour.,  LXXXVII :  152, 
1909.  (Ark.  diamonds.)  10.  Hobbs,  Jour.  Geol.,  VII :  375,  1899. 
(Wis.  diamonds.)  11.  Kunz,  U.  S.  Geol.  Surv.,  Min.  Res.,  1905 :  1249, 
1906.  (Opal,  Ore.)  12.  Kunz,  Mineral  Census,  1902,  Mines  and 
Quarries.  (GenenJ  on  U.  S.  Gems.)  13.  Kunz  and  Washington, 
Amer.  Inst.  Min.  Engrs.,  Trans.  XXXIX  :  169,  1908.  (Ark.  dia- 
monds.) 14.  Kunz,  Cal.  State  Min.  Bur.,  Bull.  37,  1905.  (Calif, 
gems  and  ornamental  stones.)  15.  Kunz,  N.  Ca.  Geol.  Surv., 
Bull.  12,  .  (History  N.  Ca.  industry.)  16.  Kunz,  Amer.  Jour. 
Sci.,  IV  :417, 1897.  (Mont,  sapphire.)  16  o.  Johnson,  Sch.  of  Mines 
Quart.,  XXIV  :  493,  1903.  (N.  Mex.,  Turquoise.)  17.  Patton,  Geol. 
Soc.  Amer.,  BuU.  XIX  :  177,  1908.  (Topaz,  Utah.)  18.  Pirsson, 
Amer.  Jour.  Sci.,  IV  :  421,  1897.  (Petrography  Montana  sapphire 
rock.)  19.  Pratt,  U.  S.  Geol.  Surv.,  BuU.  269,  1906.  (Sapphire.) 
20.  Pratt  and  Lewis,  N.  Ca.  Geol.  Surv.,  1 :  180,  1905.  (Ruby.)  21. 
Purdue,  Econ.  Geol.,  Ill  :  525, 1908.  (Ark.  diamonds.)  22.  Sterrett, 
U.  S.  Geol.  Surv.,  1908.  Chapter  on  Precious  Stones.  (Moss  agate, 
Wyo.;  Peridot,  Ariz.;  Garnet,  Ariz.  ;  Turquoise,  Ariz,  and  Colo.; 
Variscite,  Utah.)  23.  Wade,  Eng.  and  Min.  Jour.,  June  5,  1909. 
(Tourmaline  and  Beryl,  Me.)     24.  Watson,  Min,  Res.  Va.  1907  :  386. 

T 
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(Amethyst,  Va.)  25.  Zalinski,  Boon.  GeoL,  II :  464, 1907.  (Turquoise, 
N.  Mex.)  26.  Zalinski,  Eng.  and  Min.  Jour..  May.  22,  1909.  (Utah 
Amatrice.) 

QUARTZ 

Although  this  material  has  been  briefly  referred  to  under  abra- 
sives and  glass  sands,  it  is  sufficiently  important  to  require  treatment 
as  a  special  topic. 

SiUcon  is  the  second  most  abundant  constituent  of  the  earth's 
crust,  and  quartz,  of  which  it  is  an  important  ingredient,  is  the 
most  abundant  of  all  minerals,  but  varies  greatly  in  its  mode  of 
occurrence  and  uses.  Thus  some  varieties,  such  as  rose  or  smoky 
quartz,  amethyst,  etc.,  are  used  as  gems.  Quartz  in  the  form  of 
sand  is  employed  for  molding  (p.  232),  building,  glass-making 
(p.  237),  and  pottery  manufacture,  etc.  In  the  form  of  sandstone 
and  quartzite  (p.  116)  it  is  of  value  as  a  structural  material. 

The  forms  of  quartz  considered  here  are  the  massive  crystalline 
quartz  (often  known  as  vein  quartz),  flint,  and  quartzite  used  for 
purposes  other  than  building  or  paving. 

Vein  Quartz  (1-3).  —  This  form  of  quartz,  which  is  white,  or  less 
often  rose  or  smoky,  occurs  in  veins  or  dike-Uke  masses,  usually  in 
metamorphic  rocks.  It  may  be  of  high  purity,  or  may  be  mixed 
with  feldspar,  mica,  etc.,  as  an  ingredient  of  pegmatite,  in  which  case 
it  is  obtained  as  a  by-product  in  the  mining  of  feldspar.  Vein 
quartz  is  produced  in  Connecticut,  New  York,  Pennsylvania,  and 
Maryland.  A  crystalline  quartz,  not  of  vein  character,  obtained  in 
southern  Illinois  is  referred  to  under  Tripoli  (p.  290). 

Qiuirtzite,  —  This  rock  is  quarried  at  a  few  localities  for  special 
purposes.  Thus  in  Cherokee  Coimty,  North  Carolina,  a  vitreo.us 
Cambrian  quartzite  has  been  quarried  for  use  as  a  flux  in  copper 
smelting.  Large  quantities  of  a  hard  brittle  quartzite  have  also 
been  quarried  near  Wausau,  Marathon  County,  Wisconsin,  the 
ground  product  being  used  for  sandpaper  and  other  abrasive  pur- 
poses, filters,  bird  grit,  wood  filler,  etc.  It  analyzes  99.07  per  cent 
silica. 

Flint  or  Chert.  —  This  term  is  applied  to  lusterless  quartz  of  very 
compact  texture  and  conchoidal  fracture,  which  often  forms 
nodules  in  limestone  or  chalk.  In  some  cases  these  concretions 
may  represent  silicified  fossils.  Flint  nodules  are  found  in  many 
formations  in  the  United  States,  but  little  of  the  domestic  mate- 
rial has  been  utilized  except  for  road  metal.  The  entire  supply  of 
true  flint  demanded  by  this  country  for  special  purposes  is  obtained 
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from  France,  England,  Norway,  and  even  Greenland,  being  brought 
over  as  ballast.  The  smaller  nodules  are  used  in  tube  mills,  but 
much  of  the  supply  is  calcined  to  whiteness  and  then  ground  for  use 
in  pottery  manufacture. 

Uses  of  Quartz.  —  Quartz  is  extensively  used  in  pottery  manu- 
facture to  diminish  the  shrinkage  of  the  ware  in  burning,  and  for  this 
purpose  it  should  have  under  1  per  cent  of  iron  oxide.  In  recent 
years  quartzite  and  sandstone  have  been  more  used  than  vein 
quartz.  It  is  also  employed  in  the  manufacture  of  wood  filler, 
paints,  scouring  soaps,  sandpaper,  filters,  and  tooth  powders. 
Blocks  of  massive  quartz  and  quartzite  are  employed  as  a  filter  for 
acid  towers.  Quartz  is  also  used  as  a  fiux  in  copper  smelting  and 
in  the  manufacture  of  silicon  and  ferrosiUcon.  Much  chemical 
ware  is  now  made  of  fused  quartz. 

Production  of  Quartz 

Production  of  Quartz  (Exclusive  op  Abrasive  Quartz)  in  the 
United  States,  1904  to  1908,  in  Short  Tons 


Yeab 

Crude 

Ground 

Total 

Quantity 

Value 

Quantity 

Value 

Quantity 

Value 

1904 

1905 

1906 

1907 

1908 

41.490 
39,555 
41,314 
5.618 
23.505 

$28,890 

33.409 

37,632 

4.282 

32.443 

10,780 
11.590 
25.383 
17,359 
15,320 

$71,700 
70.700 
205.380 
152.812 
106.203 

52,270 
51.145 
66,697 
22.977 
38,825 

$100,590 
104,109 
243,012 
157,094 
138.646 

The  imports  of  flint  and  flint  stones  in  1908  were  valued  at  $219,754  (un- 
ground).  Pure  crystalline  quartz,  for  pottery,  paint,  and  wood  filler  brings 
about  $2  to  $3.50  per  long  ton,  crude,  f  .o.b.  quarries,  while  the  ground  prod- 
uct sells  for  $6.50  to  $10  per  short  ton  f.o.b.  mills.  Quartzite  for  sandpapers 
sells  for  $1  to  $2  per  long  ton  f.o.b.  mines,  and  $6  to  $8  groimd,  f.o.b. 
mills.  The  finest  ground  quartz  for  tooth  powders  sells  for  as  high  as  $20 
per  ton.  Imported  French  flints  are  quoted  at  $3.50  to  $4  per  long  ton 
f.o.b.  Philadelphia. 

REFEREITCES  ON  QUARTZ 

1.  Bastin,  U.  S.  Geol.  Surv.,  Min.  Res.  for  1907.  (General  and  U.  S.) 
2.  Bastin,  U.  S.  Geol.  Surv.,  BuU.  315  :  294,  1907.  (N.  Y.)  3.  Rice 
and  Gregory,  Conn.  Geol.  Surv.,  Bull.  6  :  136,  1906.     (Conn.) 


STRONTIUM 

Sources  and  Occurrence.  —  The  two  minerals  serving  as  sources 
of  strontium  salts  are  celestite  (SrSO^)  and  strontianite  (SrCOs). 
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Of  these  two  the  former  is  the  more  important,  but  the  latter  is  the 
more  valuable,  as  the  strontium  salts  can  be  more  easily  extracted 
from  it. 

Both  celestite  and  strontianite  have  been  found  at  a  niunber  of 
localities  in  the  United  States,  but  seldom  in  large  quantities.  One 
important  deposit  of  celestite  has  been  found  in  limestone  caves  near 
Put-in  Bay,  Strontian  Island,  in  Lake  Erie,  and  in  opening  up  the 
cave  150  tons  of  the  mineral  were  taken  out.  Similar  occurrences 
have  been  found  in  limestones  in  other  states,  but  none  of  them 
have  any  commercial  value. 

Nearly  all  the  strontium  salts  now  used  in  the  United  States  are 
imported  from  Germany,  the  crude  material  being  obtained  in  part 
from  WestphaUa,  Germany,  and  also  from  Thuringia,  Germany, 
and  Sicily. 

Uses.  —  Strontium  salts  are  used  in  sugar  refining,  in  fireworks 
manufacture,  and  to  a  small  extent  in  medicine. 

REFERENCE  OH  STRONTIUM 

1.  Pratt,  U.  S.  Geol.  Surv.,  Min.  Res.,  1901 :  955,  1902. 

SULPHUR  AND  PYRITE 

These  two  minerals  are  discussed  in  the  same  chapter  because 
both  serve  as  sources  of  sulphur  or  sulphuric  acid. 

SULPHUR 

Native  sulphur  may  be  formed  in  several  different  ways  as  follows : 

Solfataric  Type.  —  Sulphur  is  often  found  in  fissures  of  lava  and 
tu£f  around  many  active  and  also  extinct  volcanic  vents.^  When 
thus  formed  as  a  volcanic  sublimate  it  may  be  a  product  of  reactions 
between  sulphiu*  dioxide  and  hydrogen  sulphide.  It  may  also  be 
formed  by  incomplete  combustion  of  hydrogen  sulphide,  probably 
as  follows:  2  HjS  +  Oa  =  2  HaO  +  2 S.  This  latter  change  prob- 
ably occurs  at  least  a  short  distance  below  the  surface,  where  oxygen 
is  deficient,  as  at  the  surface  the  HaS  may  form  H2SO4. 

Deposits  of  the  solfataric  type  are  rarely  of  conmiercial  impor- 
tance, but  they  are  worked  in  Japan,  and  have  also  been  worked  in 
the  crater  of  Popocatepetl  in  Mexico. 

Mineral  Spring  Deposits.  —  Sulphiu*  is  not  an  imcommon  de- 
posit aroimd  mineral  springs,  its  deposition  being  due  to  imperfect 

>  Ferric  chloride  is  sometimes  deposited  around  fumarolic  vents,  aqd  might,  owing 
to  its  similar  color,  be  at  first  mistaken  for  sulphur. 
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oxidation  of  hydrogen  sulphide.  The  latter  may  have  originated 
by  action  of  acid  waters  upon  sulphides,  through  reduction  of 
sulphates  (gypsiun,  for  example)  by  microorganisms,  or  in  some 
cases  it  is  possibly  of  magmatic  origin.  The  hydrogen  sulphide  is 
brought  up  by  spring  waters,  which  are  not  necessarily  of  magmatic 
origin. 

Gypsum  Type.  —  Sulphur  is  thought  to  be  sometimes  formed  by 
the  reducing  action  of  bituminous  matter  on  gypsum,  in  which  event 
it  would  be  found  in  sedimentary  rocks. 

The  change  involved  is  a  reduction  of  the  calcium  sulphate  of  the 
gypsum  to  calcium  sulphide,  with  the  production  also  of  carbon 
dioxide  and  water.  The  sulphide,  then,  by  reaction  with  the  carbon 
dioxide  of  the  air  and  with  water,  yields  calcium  carbonate,  native 
sulphur,  and  hydrogen  sulphide. 

This  type  of  sulphur  is  often  of  great  economic  value,  and  de- 
posits are  found  in  a  number  of  countries.  Both  the  Sicilian  and 
Louisiana  deposits  are  thought  by  some  to  have  originated  in  this 
manner,  while  others  have  argued  for  a  different  derivation.  (See 
Ref.  3,  and  La.  Ref.  under  Oil.) 

It  is  of  interest  to  note  in  this  oonneotion  that  efsrpsum  and  sulphur 
might  be  associated  without  one  having  been  derived  from  the  other,  by 
reactions  between  hydrogen  sulphide  and  calcium  carbonate  (Ref.  3,  p.  496). 

Whatever  the  ori^n  of  sulphur,  it  can  be  said  that  in  sedimentary 
rocks,  the  association  of  hmestone,  gypsum,  sulphur,  and  hydrogen 
sulphide  is  not  uncommon. 

Metallic  Sulphide  Type  (4).  Sulphur  may  result  from  alteration  of 
pyrite,  marcasite,  or  related  sulphides,  possibly  through  action  of  bitumi- 
nous matter.  Oypsum  is  a  common  associate.  No  deposits  of  economic 
value  have  been  formed  in  this  manner. 

Distribution  of  Sulphur  in  the  United  States.  —  Louisiana  and 
Utah  are  the  most  important  producers,  smaller  quantities  coming 
from  other  western  states,  especially  Wyoming. 

Louisiana  (4,  5,  10).  —  The  deposits  of  sulphur  found  in  this  state 
are  the  most 'important  domestic  source  of  this  material.  They 
occiu"  in  Calcasieu  Parish,  and  were  discovered  as  early  as  1868  in 
boring  for  oil  and  gas  at  the  head  of  Bayou  Choupique,  15  miles 
west  of  Lake  Charles. 

The  bed  of  sulphur,  which  is  of  Cretaceous  age  (Harris  and 
Veatch),  lies  300  to  400  feet  below  the  surface,  is  over  100  feet  thick, 
and  is  underlain  by  gypsum  and  salt.  It  is  supposed  by  some 
to  have  been  derived  from  gypsum,  but  Harris  suggests  the  pos- 
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sibility  of  its  precipitation  from  ascending  hot  waters  (see  under 
Salt,  p.  161). 

Owing  to  the  quicksand-like  charactw  of  the  overlying  beds, 
attempts  to  sink  a  shaft  to  the  deposit  were  unsuccessful.  It  is  now 
obtained  by  pumping  superheated  steam  down  through  pipes,  melt- 
ing the  sulphur,  and  drawing  it  to  the  surface,  where  it  is  discharged 
into  vats  to  cool  and  solidify. 

Utah  (6).  —  Sulphur  has  been  mined  at  Sulphurdale  in  central 
Utah  more  or  less  continuously  for  thirty  years.  In  this  district 
there  are  found  a  series  of  rhyoUtes  and  andesites,  overiain  in 
places  by  basalts,  the  whole  resting  probably  on  Paleozoic  sedi- 
ments. 

The  sulphur,  which  occurs  in  a  soft  rhyoUtic  tuff  (sometimes  called 
gypsum),  sometimes  forms  cylindrical  masses  or  cones  10  to  15  feet 
in  diameter,  and  with  a  rudely  radial  structure,  but  most  of  it  is 
found  as  a  dark-colored  impregnation  or  cementing  substance  of 
the  tuff. 

Occasionally  there  are  seen  branching  veins  of  nearly  pure  yellow 
sulphur,  with  a  banding  parallel  to  the  walls,  and  these  may  repre- 
sent fissure  fillings  from  solution,  since  acid  water  partly  filled  with 
yellow  sulphur  issues  from  the  fissures. 

The  crude  material  varies  greatly  in  richness,  some  showing  as 
much  as  80  per  cent  sulphur,  but  rock  running  as  low  as  15  per  cent 
is  marketable.  An  analysis  of  the  sulphur  from  the  retorts  yielded: 
S,  99.71;  nonvolatile  matter  (SiOj,  FcqOs,  etc.),  .23;  free  SOs,  tr.; 
moisture  at  100°  C,  .06. 

A  volcanic  origin  iS  suggested  for  the  sulphur,  because  of  its  close 
association  with  volcanics,  and  the  position  of  the  beds  along  a  fault 
hne.  Gas  now  escapes  from  the  deposits  in  large  volumes,  and 
hydrogen  sulphide  boils  up  through  water  standing  in  the  workings. 
The  sulphur  may  therefore  have  been  precipitated  by  the  oxidation 
of  the  hydrogen  sulphide,  which  is  presumably  of  volcanic  origin. 
Oxidation  of  the  sulphur  may  give  SOs  and  this  by  reaction  with 
water,  HjSO^.  Analysis  of  water  issuing  from  the  beds  shows 
sulphuric  acid. 

Wyoming,  —  Native  sulphur  has  been  mined  in  Wyoming  near 
Cody  (12),  and  near  ThermopoUs  (11),  the  mode  of  occurrence  at 
the  two  locaUties  being  almost  identical.  At  the  latter  locality  the 
deposits  are  found  in  the  altered  Embar  (middle  Carboniferous) 
limestone  which  inmiediately  underlies  a  travertine  deposit  (Fig. 
102). 


MINOR  MINERALS  '  279 

The  sulphur  occurs  in  small  yellow  crystals  filling  veins  or  cavi- 
ties in  the  rocks,  and  in  massive  form  as  a  replacement  of  calcium 
carbonate  by  sulphur,  thaori^nal  structure  of  the  limestone  being 
retained. 

The  distribution  of  the  sulphur  appears  to  be  very  irregular,  and 
confined  to  those  portions  of  the  limestone  surrounding  the  chan- 
nels of  the  hot  springs  that  deposited  the  travertine.  The  at- 
tempted explanation  of  the  origin  of  the  deposits  is  that  surface 
waters  worked  their  way  downward  along  the  sandstones  from  the 

I 
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Fig.  102.  —  Section  Bhowing  stratigraphy  and  structure  from  crest  of  Owl  Creek 
Mountains  to  Owl  Creek,  and  relations  of  sulphur  deposits  near  Thermopolis, 
Wyo.     {After  Woodruff,  U.  S.  Geol.  Surv.,  Bull.  380.) 

Owl  Creek  Mountains  (Fig.  102),  and  came  into  contact  with  some 
uncooled  body  of  igneous  rock,  which  not  only  heated  them,  but 
also  supplied  them  with  hydrogen  sulphide.  Following  this  they 
passed  upward  through  the  much-fractured  beds  of  the  anticline 
with  which  the  deposits  are  associated.  As  these  waters  ap- 
proached the  surface,  the  sulphur  was  precipitated  by  oxydation. 
Hot  springs  carrying  both  HsS  and  COj  exist  there  at  present. 

The  depth  of  the  deposits  at  these  two  localities  is  not  beUeved  to 
be  great,  but  in  the  rich  pockets  the  sulphur  may  form  30  to  60  per 
cent  of  the  rock. 

Other  States,  —  Sulphur  deposits  have  been  worked  in  Colorado  and 
Nevada,  (1),  while  occurrences  of  possible  value  exist  in  Texas  (7,  9)  and 
California  (2). 

Sicily  is  the  most  important  source  of  supply  for  the  United  States. 
There  the  sulphur  is  found  in  veinlets  and  cavities  in  a  cellular  Miocene 
limestone,  which  underlies  and  overlies  gypsum.  The  sulphur-bearing  beds 
are  generally  from  3  to  10  feet  thick  and  vary  in  their  thickness  as  well  as 
dip,  the  latter  being  from  25**  up  to  70®.  The  percentage  of  sulphur  varies 
from  8  to  25  per  cent,  the  first  figure  representing  the  lowest  economic  limit. 
The  mines  contain  more  or  less  petroleum  and  bitumen,  and  sometimes  even 
explosive  gases,  while  barite  and  celestite  are  associated  minerals.  Owing 
to  improper  methods  of  mining,  there  is  much  waste. 

Uses  of  Sulphur.  —  The  most  important  use  of  sulphur  is  for  the 
manufacture  of  sulphuric  acid  and  in  paper  manufacture.    Some 
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is  also  used  in  making  matches,  for  medicinal  purposes,  and  in 
making  gunpowder,  fireworks,  insecticides,  for  vulcanizing  india 
rubber,  etc. 

In  recent  years  pyrite  has  largely  replaced  sulphur  for  the  manu- 
facture of  sulphuric  acid,  and  the  increase  in  price  of  Sicilian  sulphur 
has  helped  this. 

The  greater  portion  of  the  world's  supply  of  sulphur  is  obtained 
from  Sicily,  the  United  States  consuming  the  largest  amoimt. 

Production  of  Sulphur.  —  The  sulphur  industry  of  the  United 
States  has  grown  rapidly  in  the  last  few  years,  and  in  1907,  for  the 
first  time  in  its  history,  the  value  of  the  importations  fell  below  the 
million  dollar  mark,  due  to  the  great  decline  in  the  imports  of  crude 
sulphur.  Louisiana  continues  to  be  a  great  producer,  and  the  com- 
petition of  the  product  from  this  state  with  imported  Sicilian  mate- 
rial has  reacted  somewhat  disastrously  on  the  latter. 

The  production  for  1904  to  1908  is  given  below. 

Production  of  Sulphur  in  the  United  States,  1904-1908 


Ybab 


1904 
1905 
1906 
1907 
1908 


Long  Tons 


127,292 
181,677 
294.153 
293.106 
369.444 


Valus 


(2.663.760 
3,706,560 
6,096,678 
5,142,850 
6.668,215 


Sulphur  imported  and  entered  for  Consumption  in  the  United 

States,  1904-1908,  in  Long  Tons 


YSAB 

Cbxtdb 

Flowxrb  of 
Sulphur 

Refined 

AllOthsb^ 

Total 

Quan- 
tity 

Value 

Quan- 
tity 

Value 

Quan- 
tity 

Value 

Quan- 
tity 

Value 

Value 

1904  .... 

1905  .... 

1906  .... 

1907  .... 

1908  .... 

127,996 
82,961 
72,404 
20.399 
19,620 

$2,462,360 

1.528,136 

1,282,873 

355,944 

318,577 

1,332 

572 

1.100 

1,458 

793 

$39,133 
16,037 
29.565 
41.216 
22,562 

163 
779 
709 
606 
693 

$4,373 
19.960 
17.918 
14.589 
17,227 

.41 
27 
28 
60 
30 

$5,403 
3,352 
3,224 
8,426 
4,013 

$2,511,269 

1.567,485 

1.333,580 

420,175 

362.379 

'  Includes  sulphur  lac  and  other  grades  not  otherwise  provided  for,  but  not  pyrite. 


The  imports  came  mainly  from  Italy  and  Japan.  The  exports 
in  1908  amounted  to  27,894  long  tons,  valued  at  $561,534,  this  being 
nearly  7000  tons  in  excess  of  the  total  importation  for  consumption. 
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These  figures  indicate  that  the  country  is  producing  more  than 
enough  sulphur  to  supply  its  own  needs. 
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PYRITE 

Properties  and  Occurrences.  —  Pjnite,  FeS2,  when  chemically 
pure,  has  46.6  per  cent  iron  and  53.4  per  cent.sulphur,  and  occurs  in 
well-defined  cubes  or  modifications  of  the  same,  in  irregular  grains 
or  as  granular  masses,  of  a  brassy  yellow  color. 

It  is  widely  distributed  in  nature,  being  found  in  many  kinds  of 
rocks  and  in  all  formations,  and  in  these  may  occur  as  disseminated 
grains,  in  contact  zones,  as  concretions  in  sedimentary  rocks,  in 
fissure  veins,  and  as  lenticular  bodies  of  variable  size  usually  in 
metamorphic  rocks. 

Pyrite  as  mined  is  never  chemically  pure,  but  contains  admix- 
tures of  other  sulphides,  as  well  as  non-metallic  minerals. 

If  chalcopyrite  is  present  in  sufficient  quantity  to  bring  the 
copper  content  of  the  ore  above  3  or  4  per  cent,  the  material  may  be 
sold  for  copper  making  instead  of  acid  manufacture.  Pyrrhotite  is 
abimdant  in  some  of  the  Virginia  deposits.  In  some  regions  the 
pjrrite  carries  enough  gold  to  render  its  extraction  profitable,  but 
such  deposits  are  not  worked  for  their  sulphur  contents. 

Pyrite  as  offered  to  the  trade  rarely  contains  over  43  per  cent 
sulphur,  and  if  the  content  falls  below  38  per  cent,  the  acid  makers 
object.  Careful  sorting  and  jigging  of  thepyrite  is  usually  neces- 
sary. 

When  pyrite  is  roasted  SO2  is  given  off,  which  is  changed  to  SO3  by  mixing 
with  fumes  given  off  from  a  mixture  of  NaNOa  and  HsSOs  in  properly  con- 
structed lead  chambers.     In  thoroughly  roasted  pyrite  there  remains  a  resi- 
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due  of  iron  oxide,  which  is  knowD  as  "  blue  billy  "  or  purple  ore,  and  can  be 
used  in  the  blast  furnace  for  iron  tnanufaoture.  The  ro&ated  ohalcopjrite 
ia  sometiniea  also  uaed  for  oopper  making. 

DiBtribution  in  the  United  States.  —  The  most  important  domes- 
tic occurrences  are  found  in  a  belt  of  pre-Cambrian  metamorphic 
rocks  extending  from  New  Hampshire  to  Alabama  (8),  in  which  the 
pyrite  occurs  in  lenticular  deposits.  Vii^nia  and  New  York  are 
the  most  important  eastern  producers.  California  is  the  only 
western  state  producing  appreciable  quantities. 

Virffinia  (7,  8).  —  The  counties  of  Louisa  and  Prince  William 
contain  workable  deposits  of  pyrite,  which  have  been  most  exten- 
sively developed,  and  yield  a  httle  more  than  half  of  the  total  domes- 
tic production. 


Flo.  104.  — Plan  of  pyrite  lens  (a).  Hhowing  atringera  of  pyrite.  interleaved  with 
schiatB  (b)  on  haogiDg  irall.  Ajnuoiui  mine,  Louisa  Couaty.  Va.  '.After  Watmn, 
Min.  Ri»..  Va.,  1907.) 

In  these  counties  the  pyrite  occurs  as  bodies  of  lenticular  shape 
(Figs.  103, 104),  in  quartz-mica  schists,  wliich  may  contain  more  or 
leas  hornblende  and  garnet  locally  developed.  The  schists,  which 
are  completely  and  thickly  foliated,  liave  a  general  strike  of  N.  10 
\o  20°  E.,  and  a  variable  dip. 
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The  pyrite  is  massively  granular,  and  the  associated  minerals  in 
the  order  of  their  importance  are  sphalerite,  chalcopyrite,  galena, 
pyrrhotite,  and  magnetite.  Calcite,  quartz,  green  hornblende,  and 
red  garnet  are  present,  but  the  last  two  rather  favor  the  margin  of 
the  ore  besides. 

The  lenses  of  pyrite  follow  each  other  along  the  strike,  sometimes 
overlapping,  and  may  also  be  connected  by  stringers  of  ore  (Fig. 
104).  The  main  bodies  may  be  several  hundred  feet  long,  indeed 
one  in  Louisa  County  has  a  length  of  700  feet  and  a  thickness  of  60 
to  80  feet.  Another  in  Prince  William  Coimty  is  1000  feet  long. 
Knches  and  swells  are  common,  and  while  the  pyrite  bodies  are  usu- 
ally sharply  defined,  they  may  at  times  grade  into  the  country  rock. 

An  analysis  of  Louisa  County  pyrite  gave:  S,  49.27;  Fe,  43.62; 
Cu,  1.50;  Zn,  .38;  insol.,  4.23;  CaO  and  MgO,  1.32.  Traces  of 
arsenic  may  be  present.    The  sulphur  averages  43  to  45  per  cent. 

Watson  considers  that  the  inclosing  schists  are  undoubtedly 
metamorphosed  sedimentary  Hmestones,  as  shown  by  the  presence 
of  bands  and  stringers  of  impure  limestones  and  the  abundant  de- 
velopment of  Ume-bearing  silicates.  The  pyrite  is  beUeved  to 
have  been  formed  by  replacement. 

The  ore  is  worked  by  underground  methods,  the  schist  picked  out, 
and  the  pyrite  crushed  and  jigged.  The  entire  output  is  used  for  acid 
making.     The  gossan  of  the  pyrite  was  originally  worked  for  iron  ore. 

Sulphuric  acid  is  also  obtained  from  the  pyrrhotite-chalcop3rrite  depos- 
its of  Carroll  County,  etc.     These  are  mentioned  under  Copper. 

New  York  (2).  — Pyrite  deposits  are  worked  near  Canton  and  Gouver- 
neur,  St.  Lawrence  County.  The  pyrite  is  low  grade,  carrying  20  to  35 
per  cent  sulphur  which  can  be  raised  to  45  to  50  per  cent  by  concentration. 
The  ore  deposits,  which  are  associated  with  crystalline  limestones  and 
schists  of  the  Grenville  series,  appear  to  represent  impregnation  zones  in 
the  schist,  which  by  local  enrichment  may  give  lens-like  accumulations. 

Massachusetts  (3, 5).  —  Pyrite  is  produced  near  Davis,  Franklin  County. 
The  material  forms  a  somewhat  tabular  deposit  of  irregular  width  in  steeply 
dipping,  northeasterly  striking,  crystalline  schists.  The  deposits  have 
been  opened  up  along  the  strike  for  about  900  feet,  and  to  a  depth  of  1400 
feet  on  the  dip.  Horses  of  country  rock  occur  in  the  pyrite.  Five  feet  is 
regarded  as  the  minimum  workable  thickness.  Garnets  and  chalcop3nite 
are  present,  the  latter  forming  either  masses  or  veins  in  the  p3nite.  An 
analysis  of  the  pjrrite  concentrates  jdelded,  S,  47  per  cent;  Fe,  44  per  cent; 
Si02,  3  per  cent;  Cu,  1.5  per  cent;  Zn,  trace;  As,  none. 

Other  States,  —  Some  pyrite  is  produced  from  deposits  in  crystalline  schist 
in  Clay  County,  Alabama  (8),  near  Acworth  and  Villa  Rica,  Geor^ria,  and  in 
California  (1).  In  Indiana,  Illinois,  and  Ohio  some  is  obtained  as  a  by- 
product in  the  mining  of  coal  (6). 
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Uses  of  Pyrite.  —  Pyrite  is  used  chiefly  and  in  increasing  quan- 
tities for  the  manufacture  of  sulphuric  acid  and  sulphate  of  iron, 
while  small  amounts  are  consumed  in  the  manufacture  of  mineral 
paint.  It  is  not  used  as  an  ore  of  iron,  except  in  the  form  of  roasted 
residues.  Recent  experiments  have  demonstrated  the  possibility  of 
saving  the  sulphuric  acid  gas  from  the  roasting  of  zinc  ores,  and  the 
utiUzation  of  pyrrhotite  for  making  sulphur  and  sulphuric  acid. 

Production  of  Pyrite.  — 

Phoduction  of  Pyrite  in  the  United  States,  1904^1908, 

IN  Long  Tons 


Statb 


Alabama  and  Georgia    . 

California 

Indiana 

MaasacliuBetta  and  New 

York' 

Ohio    ....... 

Virginia 

Total 


1904 


Quan- 
tity 


18.369 

26.902 

4.465 

31,837 

4.837 

120.671 


207.081 


Value 


$76,101 

132,905 

16.242 

132.880 

15.918 

440.753 


$814,808 


Aver- 
age 

Price 
per 

Ton 


$4.14 
4.94 
3.64 


3.29 
3.65 


$3.93 


1905 


Quan- 
tity 


19.928 

61,748 

3,107 

"36.090 

8.944 

123,183 


Value 


$71,863 

247,712 

11.491 

148.648 

32.770 

426.008 


253.000  $938,492 


Aver- 
age 

Price 
per 

Ton 


$3.61 
4.01 
3.70 


3.66 
3.46 


$3.71 


1906 


Quan- 
tity 


26.173 

52.926 

2.579 

46.218 

4.732 

128.794 


261.422 


Value 


$78,817 

236.867 

7,179 

162.615 

14.439 

431,388 


$931,305 


Aver- 
age 

Price 
per 
Ton 


$3.01 

4.48 
2.78 

3.52 
3.05 
3.35 


$3.56 


1007 

1908 

State 

Quan- 
tity 

Value 

Average 

Price 
per  Ton 

Quan- 
tity 

Value 

Average 

Price 
per  Ton 

Alabama  and  Georgia     . 

California 

Indiana 

Massachusetts  and  New 

York  « 

Ohio 

Virginia 

28,281 
51.950 
U,929 

30.671 

6.816 

124,740 

$85,307 

174,549 

14,713 

126,991 

20.803 

372.586 

$3.02 
3.36 
2.98 

4.14 
3.05 
2.99 

23.915 
30.545 
14.905 

«  40.362 

6.531 

116.340 

$69,635 

131.744 

14.157 

186.126 

19.929 

435,522 

$2.91 
4.31 
2.89 

4.61 
3.05 
3.74 

Total 

247,387 

$794,949 

$3.21 

222,598 

$857,113 

$3.85 

»  Includes  the  production  of  Illinois.  » Includes  South  Dakota. 

*  Includes  some  from  New  Jersey  in  1904  and  1905.       *  Includes  the  production  of  Wisconsin. 

Imports.  —  The  imports  of  pyrite  have  increased  steadily  up  to 
1908,  in  which  year  they  amounted  to  668,117  long  tons,  valued  at 
$2,624,339.  They  came  chiefly  from  Spain,  Portugal,  Canada, 
and  Newfoundland. 

World's  Production.  —  This  is  given  for  1906,  that  being  the 
latest  year  for  which  complete  statistics  are  available. 
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World's  Production  op  Iron  Pyrite  in  1906 


COXJNTBT 

Long  Tonb 

COUNTBT 

Long  Tons 

Portugal 

United  States 

France  and  Algeria 

Norway 

345,222 
261,422 
261,084 
194,770 
193.869 
186,023 
120.437 
110,849 
35,365 
30,019 

Newfoundland       .*  .     .     .     . 

Sweden 

Bosnia  and  Heriegovina    .     . 

United  Kingdom 

Belgium 

Total 

Sulphur  displaced  (based    on 
45  per  cent  content)    .     .     . 

28.132 
21,483 
13,262 
11.140 
894 

Germany 

Spain 

Italy 

Hungary 

Canada   

1.814.210 

Ruada 

816.395 

Consumption  of  Sulphur  in  the  United  States,  1906-1908,  in  Long 

Tons 


SOURCB 

1906 

1907 

1908 

Domestic  sulphur  and  sulphur  content  of  pyrite       .     .     . 
Imoorted  sulohur . 

411.793 

74.441 

269,135 

404,430 

22.523 

282,593 

469,613 
21.136 

Sulphur  content  of  imported  pyrite  » 

300,653 

Total  domestic  consumption 

755,369 

709,546 

791,402 

*  Based  on  average  sulphur  content  of  45  per  cent. 

* 

The  following  table  is  of  interest  as  showing  the  quantity  of   sulphuric 
acid  used  in  1900  in  different  manufacturing  industries.* 


• 

Short  Tons 

Short  Tons 

Superphosphate 

Petroleum  refining 

Pickling  iron  and  steel .... 
Ammonium  sulphate      .... 
Alum  and  aluminum  sulphate     . 
Nitric  acid 

507,462 
196.141 
70,000 
47,850 
47,665 
36,742 
30,264 

Mixed  acids 

Blue  vitriol 

Chrome  products 

Copperas 

Epsom  salts 

Scattering 

18,981 

15,644 

6.859 

5,203 

1,843 

50.000 

Hydrochloric  acid 

1.034,659 

RBFEREIICES  OIV  PYRITE 

1.  Anon.,  Cal.  State  Min.  Bur.,  Bull.  38  :  349,  1906;  and  BuU.  23  :  144. 
2.  Newland,  N.  Y.  State  Museum,  Bull.  93  :  945,1905.;  BuU.  102  :  122, 
1906;  Bull.  132  :  51,  1909.  (N.  Y.)  3.  Phalen,  U.  S.  Geol.  Surv., 
Min.  Res.,  1908.  (Brief  description,  Mass.  and  Va.)  4.  Phillips, 
Amer.  Pert.,  XXVI :  10,  1907.  5.  Rutledge,  Eng.  and  Min.  Jour., 
LXXXIT  :  674,  724,  and  772,  1906.  (Mass.)  6.  Struthers,  Min. 
Indus.,  XI  :  577,  1903.  (General.)  7.  Watson,  Min.  Res.,  Va., 
Lynchburg,  1907  :  190.  (Va.)  8.  Wendt,  Sch.  of  M.  Quart.,  VII  :218. 
1885.     (Alleghanies  deposits.) 

I  Min.  Indus..  XIV  :  702. 
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TALC  AND  SOAPSTONE 

Properties  and  Occurrence.  —  Talc,  a  hydrous  magnesium  sili- 
cate [H2Mgs(Si08)4],  is  a  widely  distributed  mineral,  but  rarely 
occurs  in  large  quantities. 

It  is  characterized  by  its  extreme  softness,  soapy  feel,  and  freedom 
from  grit.  The  color  is  white,  gray,  or  green;  and  though  generally 
foliated,  it  may  be  fibrous. 

Soapstone  is  a  term  ordinarily  appUed  to  a  dark,  bluish  gray  or 
greenish  rock,  composed  Essentially  of  talc,  but  containing  other 
minerals  as  impurities,  such  as  mica,  chlorite,  amphibole  (tremo- 
lite),  pyroxene  (enstatite),  and  also  quartz,  magnetite,  pyrrhotite, 
and  pyrite.  It  too  is  soft  enough  to  be  easily  cut  with  a  knife,  and 
has  a  pronounced  soapy  or  greasy  feel. 

Talc  is  an  alteration  product  of  other  magnesia  minerals,  such  as 
tremolite,  actinolite,  pyroxene  or  enstatite,  and  is  often  associated 
with  talcose  or  chlorite  schists,  serpentine,  and  such  basic  igneous 
rocks  as  peridotite  and  pyroxenite.  It  is  also  found  associated  with 
dolomite. 

Soapstone,  which  often  forms  large  masses,  is  found  chiefly  in 
association  with  the  older  crystalline  rocks.  In  some  cases,  it  has 
no  doubt  been  derived  from  an  altered  eruptive  rock,  but  in  others 
probably  from  magnesian  sediments  by  metamorphism. 

Distribution  in  the  United  States.  —  The  production  of  talc 
and  soapstone  is  limited  almost  exclusively  to  the  belt  of  old  crys- 
talline rocks  forming  the  axis  of  the  Appalachian  Mountain  system, 
and  although  quarried  in  eight  or  ten  states,  but  few  are  important 
producers,  and  these  are  mentioned  below. 

Deposits  of  talc  and  soapstone  are  known  in  some  of  the  western 
states,  but  commercial  conditions  are  not  at  present  favorable  to 
their  development.  Small  quantities  of  talc  have  been  produced 
in  the  past  in  both  California  and  Washington. 

Virginia  (10).  — This  state  is  the  most  important  producer  of 
soapstone,  and  while  the  material  is  found  at  a  number  of  localities 
in  the  state,  nearly  the  entire  production  comes  from  a  narrow 
northeast  belt  at  least  thirty  miles  long,  extending  from  Nelson  into 
Albemsu-le  counties. 

The  soapstone  occurs  in  a  number  of  sheet-like  masses  called 
"  veins,"  30  to  165  feet  in  thickness,  and  separated  by  intervals  of 
500  to  800  feet. 

The  deposits  dip  southeast  60°,  conformable  with  the  inclosing 
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crystalline  schists,  which  vary  from  a  mica-quartz  schist  to  a  mica- 
ceous sandstone.  Occasionally  the  wall  rock  is  a  dark  graphite 
schist,  or  an  altered  basic  eruptive. 

The  soapstone  varies  in  oolor  from  light  bluish  gray  to  dark  greenish 
gray,  the  former  or  higher  grade  containing  the  most  talc,  and  being  the 
easiest  and  most  satisfactory  to  work. 

Under  the  microscope  the  better  grade  is  seen  to  consist  mostly  of  talc, 
with  small  quantities  of  chlorite,  magnetite,  as  weU  as  traces  of  amphibole 
and  pyroxene.  The  dark  green  soapstone  owes  its  color  and  greater 
hardness  in  part  to  chlorite  and  other  silicates,  such  as  hornblende  and 
pyroxene.  The  product  is  used  mainly  for  laundry  tubs,  while  smaller 
amounts  are  converted  into  table  tops,  sinks,  and  switch  boards.  Much  of 
it  is  shipped  to  foreign  markets. 

New  York  (8).  —  All  of  the  talc  mined  in  the  state  is  obtained 
from  a  small  area  southeast  of  Gouverneur.  The  most  abundant 
country  rocks  of  this  area  are  pre-Cambrian  gneisses,  in  which 
there  occur  irregular  northeast-southwest  belts  of  crystalline  lime- 
stone, the  greater  portion  of  which  is  impure.  The  schistose  layers 
of  impurities  carry  tremolite  and  enstatite  as  their  chief  constitu- 
ents, and  it  is  the  alteration  of  these  that  has  produced  the  talc,  the 
change  being  indicated  by  the  following  equations:  — 

Enstatite  Talc 

4  MgSiOs  -f  H,0  -f  CO,  =  H,Mg8Si40u  -h  MgCOs 

Tremolitb  Talc 

CaMg8Si40u  4-  H^O  +  COj  =  H2Mg8Si40u  +  CaCOs 

This  change  of  the  enstatite  and  tremolite  to  talc  is  supposed  to 
have  been  accomplished  by  the  action  of  water  charged  with  CO*, 
but  whether  it  occurred  at  shallow  or  greater  depths  is  uncertain. 
The  talc  layer,  which  varies  in  thickness  from  a  few  feet  to  over  50 
feet,  averaging  about  20,  shows  either  a  fibrous  or  bladed  structure. 
It  is  used  mainly  as  a  filler  for  writing  papers,  being  even  exported 
to  Europe. 

N<yrth  Carolina  (6).  —  The  talc  deposits  of  this  state  form  an  interesting 
contrast  with  those  of  Virginia,  for  here  the  material  occurs  as  a  series  of 
lenticular  masses  and  sheets  in  blue  and  white  Cambrian  marbles,  thus 
indicating  its  probable  derivation  from  a  sedimentary  rock.  In  other  de- 
posits the  talc  is  found  in  a  Cambrian  conglomerate,  in  Archean  rocks 
associated  with  peridotite,  showing  an  undoubted  derivation  from  igneous 
rocks. 

The  first-mentioned  group  is  associated  with  the  Murphy  Marble,  in 
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Swain  County,  and  forms  lenticular  bodies,  with  a  niaximuni  size  of  50 
feet  thickness  and  200  feet  length.  It  crumbles  down  under  weathering 
action,  and  the  deposits  are  detected  by  float  material.  Most  of  the  North 
Carolina  talc  is  ground  to  powder,  but  some  is  sawed  into  slabs,  or  made  into 
pencils,  crayons,  gas  tips,  etc. 

Vermont  (7).  —  Talc  occurs  at  a  number  of  localities  in  Vermont,  some 
of  which  are  worked.  That  worked  at  East  Granville  is  a  talc  schist,  in- 
closed between  other  schists.     That  at  Chester  and  Athens  occurs  in  gneiss. 

New  Jersey  (4).  —  Talc  has  been  found  at  a  number  of  points  in  the 
vicinity  of  Phillipsburg,  New  Jersey,  and  also  across  the  river  near  Easton, 
Pennsylvania.  The  talc  occiu^  with  serpentine  in  dolomite  and  near  pegma- 
tite intrusions.  The  latter  by  contact  metamorphism  developed  tremolite, 
white  pyroxene,  and  phlogopite  in  the  limestone.  Later,  during  break-thrust 
faulting,  accompan3ring  minor  folding,  squeezing,  and  faulting  in  this  area, 
the  magnesian  silicates  were  altered  by  water  to  talc  and  other  products. 

The  following  analyses  from  several  localities  show  the  kind  and 
quantity  of  impurities  which  good  talc  may  contain:  — 

Analyses  of  Commercial  Talc 


LocALirr 


Kinsey     Mine, 
N.  C.    .     . 

St.   Lawrence 
Co.,  N.  Y. 


Si0> 

A1,0, 

FeO 

CaO 

MgO 

Nb,0 

KsO 

63.07 

1.56 

.67 

.30 

28.76 

.78 

tr. 
MnO 

62.10 

1.30 

32.40 

2.15 

Loss  ON 
Ignitxon 


4.36 


2.05 


Uses.  —  Talc  is  marketed  as  rough  talc,  sawed  slabs,  or  ground 
talc.  Its  peculiar  physical  character,  extreme  fineness,  softness, 
and  freedom  from  grit  adapt  it  to  a  number  of  uses,  of  which  the 
following  are  most  important:  fireproof  paints,  foundry  facings^ 
boiler  and  steam-pipe  coverings,  soap  adulterants,  toilet  powders, 
dynamite,  in  wall  plasters,  for  dressing  skins  and  leather,  as  a  base 
for  lubricants,  as  a  filling  for  paper,  and  for  sizing  cotton  cloth.  It 
has  been  used  to  a  slight  extent  for  adulterating  food.  It  can,  on 
account  of  its  softness,  be  easily  sawed  or  carved,  and  is  extensively 
used  for  wash  tubs,  sanitary  appliances,  laboratory  tanks  and  tables, 
electrical  switchboards,  hearthstones,  mantels,  footwarmers,  etc. 
Most  of  the  New  York  fibrous  talc  is  used  as  a  paper  filler,  being 
better  suited  for  it  than  the  North  Carolina  product.  The  com- 
pact varieties  of  pure  talc  are  employed  for  pencils,  and  for  coal- 
and  acetylene-gas  tips. 
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Pyrophyllite  differs  from  talc  chemically,  being  a  hydrous  alumi- 
num silicate,  instead  of  a  magnesium  silicate,  but  when  sufficiently 
free  from  grit,  it  is  put  to  the  same  use  as  talc.  It  is  sometimes  in- 
correctly called  agalmatoUte,  because  of  its  resemblance  to  the  true 
mineral  of  that  name.  Deposits,  more  extensive  than  those  of  talc, 
are  found  near  Glendon,  North  CaroUna  (6).  It  varies  from  green 
and  yellowish  white  to  white,  but  in  all  cases  becomes  nearly  white 
when  dried. 

Production  of  Talc  and  Soapstone.  —  The  production  for  the  last 
four  years  has  been  as  follows:  — 

Production  of  Talc  and  Soapstone,  1905-1908,  by  States,  in 

Short  Tons 


1905 

1906 

1907 

1908 

Statb 

Quan- 
tity 

Valub 

QUAN- 
TITTf 

Valub 

Quan- 
tity 

Valub 

Quan- 
tity 

Valub 

Geoicia   >    >     • 
Maryland     .     . 
New  Jersey  and 
Pennsylyania 
New  York    .    . 
North  Carolina 
Vermont       .     . 
Virginia  .     .     . 
Other  states  >   . 

1 

1 

5.796 
66,500 

4,035 

8,978 
17,665 

3.660 

1 
1 

$38,241 

445,000 

74.690 

65,525 

425.090 

33.516 

1 

2.956 

13,981 
61.672 

4,009 
10.413 
23.624 

3,989 

1 
$23,310 

52.961 
657,200 

66,729 
101,057 
590,800 

39,499 

739 
5.064 

17,103 
67,800 

4,085 
16,200 
26,278 

2,541 

$11,473 
32,250 

46,871 
626.000 

74.347 

82.500 
631.880 

25,726 

1 
1 

4,648 
70,739 

3.564 
10,755 
19.616 

8.032 

I 

1 

$29,118 

697,390 

61.443 

99.743 

458.252 

65.276 

Total    .     .     . 

96,634 

$1,082,062 

120,644 

$1,431,556 

139,810 

$1,531,047 

117.354 

$1,401,222 

1  Included  in  "Other  states." 

'  Georgia,  Maasachusetta,  and  Rhode  Island,  in  1906;  California.  Massaohosetts,  and  Rhode 
Island,  in  1907;  Georgia.  Maryland,  Massachusetts,  and  Rhode  Island,  in  1908;  California, 
Georgia,  Maiyland,  Massachusetts,  and  Washington  in  1905. 

The  total  imports  of  talc  in  1908  amounted  to  7429  short  tons, 
valued  at  $97,096,  which  was  a  decrease  of  over  26  per  cent  in  quan- 
tity from  1907,  but  an  increase  of  4  per  cent  in  the  average  price 
per  ton. 

REFBRBHCES  OH  TALC  A5D  SOAPSTONE 

1.  Anon.,  U.  S.  Geol.  Surv.,  Atlas  Folio,  162,  1908.  (Pa.)  2.  Anon., 
Maryland  Mineral  Industries,  1896-1907,  Md.  Geol.  Surv.,  spedal 
publication,  VIII,  Pt.  2,  p.  160.  (Md.)  3.  Keith,  U.  S.  Geol.  Surv., 
Bull.  213  :  443,  1903.  (N.  Ca.)  4.  Peck,  N.  J.  Geol.  Surv.,  1904 
Rept.  :  163,  1905.  (N.  J.  and  Pa.)  5.  Perkins,  Eng.  and  Min. 
Jour.,  LXXXVI  :  753, 1908.  (Vt.)  6.  Pratt,  N.  Ca.  Geol.  Surv.,  Econ. 
Papers,  No.  3  :  99,  1900.  (N.  Ca.)  7.  Pratt,  U.  S.  Geol.  Surv., 
Min.  Res.,  1905  :  1361,  1906.  (Vt.)  8.  Smyth,  Sch.  of  M.  Quart., 
XVII  :  333, 1896.  (N.  Y.  and  bibliography.)  9.  Waldo,  Min.  Indus., 
II  :  603,  1894.  10.  Watson,  Min.  Res.,  Va.,  Lynchburg  :  293,  1907. 
(Va.) 
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TRIPOLI 

Properties  and  Occurrence.  —  The  term  Tripoli  is  somewhat 
loosely  used  to  include  many  siliceous  substances  used  for  abrasive 
purposes,  but  in  this  place  it  is  restricted  to  certain  siliceous  rocks 
found  in  Missouri  (2,  4)  and  Illinois  (1,  3). 

The  Missouri  tripoli  is  a  light,  porous,  siliceous  rock  which  has 
been  extensively  quarried  near  Seneca,  Missouri,  but  it  is  known 
at  other  localities  in  the  state,  and  even  in  Oklahoma. 

The  deposits  occur  in  the  Boone  (Lower  Carboniferous)  forma- 
tion (4),  consisting  of  alternating  limestones  and  cherts  having  an 
average  thickness  of  350  feet,  and  with  only  an  ooUtic  limestone  as 
an  easily  recognized  bed.  The  tripoli  beds,  which  occur  mostly 
above  the  last,  are  4  to  12  feet  thick,  and  overlain  by  chert,  gravel, 
and  red  clay.  Chert  may  also  occur  in  the  tripoli  itself,  and  even 
form  a  large  proportion  of  it. 

The  tripoli  is  an  even-textured,  finely  porous  rock,  whose  grains 
are  mostly  under  .01  mm.  in  diameter,  and  are  probably  chal- 
cedony. The  following  analyses  represent  the  composition  of  the 
stone  from  Seneca,  Missouri:  — 

Analyses  of  Tripoli  from  Seneca,  Mo. 


SiOs 

AhOs 

FeaOs 

CaO 

K2O 

NazO 

Ign. 

Org. 


98.28 

.17 

.53 

tr. 

.17 

•    .27 
.50 


99.92 


98.10 
.24 
.27 
.184 

.23 
L16 
.008 


100.192 


98.10 
.24 
.27 
.33 

.23 
1.17 


100.34 


1.  R.  N.  Brackett,  Ark.  Geol.  Surv.,  V  :  267,  1892.  2.  W.  H.  Seaman, 
Sci.  Am.  Supp.,  July  28,  1894  :  15487.     3.  Mo.  Geol.  Surv.,  VII :  731,  1894. 

A  commonly  accepted  theory  is  that  the  tripoli  results  from  the 
decomposition  of  chert,  but  while  chert  is  in  the  tripoli  beds,  it  is 
not  possible  to  find  a  transition  from  tripoli  laterally  to  unaltered 
rock.  It  is  also  difficult  to  see  how  the  common  chert  of  this  region 
could  form  the  massive,  non-fossihferous  tripoli. 
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Siebenthal  (4)  believes  the  tripoli  to  have  been  derived  by  the 
leaching  of  lime  carbonate  from  beds  like  certain  gray,  dull,  massive 
limestones  now  found  in  this  region. 

Uses.  —  The  rough  blocks  are  sawed  up  into  filter  stones,  while 
the  spalls  and  small  pieces  are  ground  up  for  tripoU  flour,  and  there 
has  been  a  great  increase  in  the  production  since  1885.  The  tripoli 
is  worth  $6  to  $7  per  ton  f.o.b.  Tripoli  stone  is  used  to  some 
extent  for  blotter  blocks  and  scouring  bricks.  Tripoli  flour  is  used 
as  an  abrasive  for  general  poUshing,  burnishing,  and  buffing,  and 
also  as  an  ingredient  of  scouring  soaps. 

In  southern  Illinois,  in  Union  and  Alexander  counties,  there  are 
beds  of  fine-grained  silica,  which  may  be  similar  to  the  Missouri 
tripoli.  Its  origin  and  extent  are,  however,  imperfectly  known.  An 
analysis  yielded  Si02,  98.00;  MgO,  .20;  AljOs,  1.21;  Moist.,  .15; 
Und.,  .44.  The  silica  consists  of  minute  particles  from  .50  to  .2  mm. 
diameter,  of  crystalline  structure,  transparent  character,  and  irregu- 
lar shape,  loosely  cemented  by  a  small  amount  of  clay.  It  may  be 
used  for  wood  polishing  and  other  purposes. 
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WAVELLITE 

Wavellite  has  been  used  to  a  small  extent  in  the  United  States  as 
a  substitute  for  rock  phosphate,  in  making  phosphorus. 

This  mineral  does  not  usually  occur  in  minable  quantities,  but  a 
somewhat  unique  deposit  has  been  found  on  South  Mountain,  near 
Mount  Holly  Springs,  Pa.  There  the  wavelUte  occurs  in  a  white 
residual  clay  derived  from  talcose  schists,  and  associated  with  man- 
ganese and  iron  ores.  The  iron  and  manganese  have  been  concen- 
trated during  the  weathering  of  the  rocks,  and  deposited  in  the 
residual  materials,  near  the  contact  of  the  Umestones  of  the  valley 
and  the  mountain  sandstones.  The  phosphate  occurs  as  nodules, 
scattered  through  a  white  clay,  lying  between  a  manganese-bearing 
red  clay  and  the  mountain.  The  width  of  the  deposit  is  40  to  50 
feet.  The  mining  of  this  material  was  reported  by  the  United 
States  Geological  Survey  for  1906,  but  since  then  no  production  has 
been  recorded. 
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Phosphorus  is  used  mainly  for  making  matches  as  well  as  for  fuse 
compositions;  rat  and  insect  poison,  phosphoric  acid,  and  for  other 
compounds  used  in  medicine  and  the  arts.  It  is  also  used  in  the 
preparation  of  precious  metals,  electrotyping,  and  in  phosphor 
bronze. 

REFERENCES  ON  WAVELUTB 

1.  Stose,  U.  S.   Geol.   Surv.,  Bull.  315 :  325,  1907.     2.  Hopkins,  Ann. 
Rept.  Pa.  State*College,  1889-1900,  appendix  III :  13. 


1.  —  ScrtioQ  of  an  artesian  basin.  A.  porous  atratum:  B,  C.  impprvioua  bcda 
lelow  and  above  yl,  actitm  as  confining  atrala;  F,  hpiKhtof  watorluvpl  in  porous 
leii  A,  or,  in  other  words,  height  in  rosrnoir  or  fouatuia  head;  D,  E,  flowins 
veils  spriueing  from  the  porous  water-fillpd  bed  .1. 


la.  2.  —  Seetion  illustrating  artesian  conditions  in  jointed  rryatolline  rochs  without 
Burfaee  covering.  A.  C.  flowing  wells  fed  by  joints;  B.  intermediate  well  betweea 
A  and  C  of  greater  depth,  but  with  no  water:  D,  deep  well  not  encountering 
joints;  B,  pump  well  adjacent  to  D.  obtaining  water  at  shallow  depths;  S.  dry 
hole  adjaceDt  to  a  spring,  sbowing  why  wella  near  springs  may  fait  to  obtain 


Fia.  3.  —  Section  illustrating  conditions  of  How  from  solution  pasHages  in  limestone. 
A,  brecciated  zone  (due  to  caving  roof)  serving  aa  confining  agent  to  waters 
reached  by  well  1 ;  B.  silt  deposit  tilling  passage  and  acting  as  confining  agent  to 
waters  reached  by  well  2;  C.  surface  debris  clogging  channel  and  confining 
waters  reached  by  well  3:  D,  pinching  out  of  solution  crevice  resulting  in 
confinement  of  waters  reached  by  well  4. 


ion  illustrating  conditions  of  flow  from  joints,  cracks,  and  solution 
passages  in  stratified  rocks  covered  by  impervious  clays  and  fed  from  morainal 
drift.     {Alt  a/ler  Fuller.) 


CHAPTER  Xin 
UnDERGROUND  WATERS 

The  investigation  of  undei^ound  waters  has  assumed  such  im- 
portance in  the  last  few  years,  that  it  is  hardly  possible  to  do  it 
justice  in  the  limited  space  which  can  be  devoted  to  it  here.  How- 
ever, some  of  the  more  salient  points  can  perh^s  be  touched  upon, 
and  those  who  dedre  more  detailed  information  are  referred  to 
the  selected  bibliography  at  the  end  of  the  topic. 

While  much  of  the  water  used  for  supplying  towns  and  cities, 
for  irrigation  purposes,  etc.,  is  obtained  from  below  the  surface,  all 
of  it  ori^nates  in  rainfall.  The  rain  water  falling  on  the  surface  is 
disposed  of  in  part  by  evaporation  and  surface  run-off,  but  a  vari- 
able and  sometimes  large  percentage  seeps  into  the  ground. 

Ground  Water  (5,  6)  —  A  small  part  of  the  water  soaking  into 
the  ground  is 
retEuned  by  cap- 
illarity in  the 
surface  soil,  to  be 
returned  again  to 
the  atmosphere, 

dithoF    Viv   Hirorit  ^^-   "'^^ — ^^^^^  section  across  a  nver  valley,  showing  the 

eitner    oy  aireci  position  of  ground  wal«r  and  the  undulatioas  of  the  water 

ev^mration       or  table  with  reference  to  the  surface  of  the  ground  and  bed 

through     plants'  f™*-     (^fi^  SchliehUr,  U.  S.  Qcol.  Sun.,  Water  Supptv 

but  most  of   it        =•"  "■' 

finds  its  way  into  deeper  layers  of  the  soil,  which  it  completely 

saturates. 

The  water  in  this  saturated  zone,  which  is  termed  the  ground 
vxiier  (Fig.  105),  forms  a  great  reservoir  of  supply  for  lakes,  springs, 
and  wells;  and  its  upper  surface,  known  as  the  water  table,  agrees 
somewhat  closely  with  that  of  the  land  surface,  but  is  farther  from 
it  under  hills  (Fig.  105),  and  nearer  to  it  under  the  valleys.  Under 
some  depres^ons  it  may  even  reach  the  surface  and  form  springs 
or  swampy  conditions  (see  Fig.  105).  The  depth  of  the  water 
table  is  quite  variable,  being  but  a  few  feet  below  the  surface  in 
moist  climates,  while  in  arid  regions  it  may  be  100  feet  or  more. 
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In  any  area,  however,  the  water  table  may  show  periodical  fluctuar 
tions,  due  in  part  and  mainly  to  variation  in  the  supply.  Near 
the  coast  line,  the  rise  and  fall  of  the  tide  may  also  affect  it  (Fig.  106). 
In  all  groimd  water  there  is  a  slow  but  constant  movement  from 
higher  to  lower  levels,  just  as  in  the  case  of  surface  waters,  so  that 
the  ground  water  flows  toward  the  valleys.  There  it  may  dis- 
charge into  the  streams,  but  in  some  instances  it  follows  the  valley 
bottom  below  the  river  bed,  separated  from  the  river  water  by  a 
more  or  less  impervious  layer  (6).  The  composition  of  the  ground 
water  also  shows  a  somewhat  close  relation  to  the  rocks  or  soils  in 
which  it  accumulates. 

Artesian  Water.  —  Under  this  heading  are  included  those  waters 
confined  in  rocks  of  consolidated  or  unconsolidated  character,  under 

sufficient  pressure  to  cause  the 
water  to  rise  toward  the  surface, 
along  an  avenue  of  escape,  but 
not  necessarily  high  enough  to 
produce  an  outflow. 

The  artesian  water   found   in 
rocks  may  collect  there  in  cavi- 
ties of  diverse   size,  origin,  and 
Fio.  106.— Section  showing  effect  of  tide  shape,  such  as  pores  between  the 
on  level  of  water  tebie.    {Afunr  Eiiia,   flrains,     joint     cracks,     beddiuK 

U.  5.  Geol.  Sun,,  W.  S.  BuU,  232.)       °,  ,    . . 

planes,  solution  cavities,  cavities 
due  to  brecciation,  gas  cavities  of  lavas,  etc.  (PI.  XXIX).  The 
surface  water  finds  its  way  down  into  these  open  spaces  in  the  rocks, 
and  if  there  is  some  confining  agent,  such  as  denser  rock,  or  other 
more  or  less  impermeable  barrier,  present,  it  may  be  held  there. 
Under  these  conditions  it  may  be  under  more  or  less  pressure  and  if 
some  avenue  of  escape,  such  as  a  drill  hole,  is  opened  up,  the  water 
rises  towards  the  surface. 

The  requisite  conditions  of  an  artesian  flow  might  therefore  be 
stated  as  follows  (2):  (1)  adequate  source  of  water  supply;  (2)  a 
retaining  agent  offering  more  resistance  to  the  passage  of  water  than 
the  well  or  other  opening;  (3)  an  adequate  source  of  pressure. 

The  retaining  agent  may  be  a  stratum,  vein,  or  dike  wall,  joint, 
fault,  a  water  layer,  etc.,  while  the  pressure  is  due  primarily  to 
variations  in  level  in  the  different  parts  of  the  artesian  system, 
although  there  may  be  nimierous  modifying  factors.  It  will  be 
understood,  from  what  little  has  been  stated  above,  that  a  supply  of 
artesian  water  might  be  found  under  a  variety  of  conditions.     Only 
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two  of  these  will  be  considered  here,  although  several  others  are 
shown  in  Pis.  XXIX  and  XXX. 

Stratified  Beds,  —  The  structure  sometimes  foimd  in  stratified 
rocks  closely  approaches  the  most  favorable  conditions  for  an  ar- 
tesian circulation.  That  is,  we  have  inclined  layers  of  pervious 
rock,  inclosed  between  beds  of  impermeable,  or  but  slightly  per- 
meable, character.  Water  flowing  down  these  permeable  beds, 
either  through  the  pores,  or  in  the  pores  and  joints  together,  may 
accumulate  in  sufficient  quantity  to  yield  a  large  and  sometimes 
steady  supply.  While  sandstones  usually  show  the  highest  porosity 
of  any  of  the  sedimentary  rocks,  limestones  may  also  yield  a  good 
flow,  although  in  these  the  water  must  accumulate  largely  in  the 
joint  planes.  Such  a  structural  type,  composed  of  water-bearing 
beds  between  denser  ones,  may  be  termed  an  artesian  slope  (PL 
XXIX,  Fig.  1),  and  it  is  of  great  importance.  The  wells  tapping 
such  a  supply  are  sometimes  many  miles  from  the  area  of  intake, 
and  may  be  sunk  to  depths  of  as  much  as  2000  feet  in  order  to  reach 
the  water-bearing  bed.  A  more  or  less  tight  bed  over  the  porous 
one  is  essential,  but  the  underlying  bed  need  not  be  impervious. 

A  not  uncommon  type  of  artesian  reservoir  is  that  found  in 
glacial  drift  where  water-bearing  lenses  of  sand  or  gravel  are  over- 
lain or  more  or  less  surrounded  by  clay.  In  this  case  the  water  seep- 
ing downward  from  the  surface  collects  in  the  gravel  pocket. 

There  are  many  areas  in  the  United  States  in  which  the  condi- 
tions are  favorable  to  an  artesian  water  supply  in  stratified  rocks, 
as  the  various  state  and  government  reports  will  show.  A  few  of 
the  more  important  ones  may  be  briefly  referred  to. 

Along  the  Atlantic  and  Gulf  coastal  plain  an  abundant  supply 
of  artesian  water  is  obtained  from  the  Cretaceous  and  Tertiary 
beds  at  depths  varjdng  from  50  feet  along  the  inland  border,  to 
1000  feet  and  over  along  the  coast  (7, 10.  22,  41,  48)  (Fig.  107). 

A  second  area  is  that  of  the  upper  Mississippi  Valley  (50),  in 
which  an  abundant  supply  of  potable  water  is  obtained  from  the 
St.  Croix  and  St.  Peters  sandstone,  whose  outcrop  in  Minnesota 
and  Wisconsin  covers  some  14,000  square  miles. 

In  the  Great  Plains  (8)  region  water  is  obtained  from  the  Dakota 
sandstone,  whose  collecting  area  is  around  the  border  of  the  Black 
Hills  (Fig.  108)  and  eastern  edge  of  the  Rocky  Mountains.  This 
source  is  available  in  South  Dakota  and  eastern  Nebraska  and 
Kansas  and  Colorado.  The  chief  use  of  the  water  in  this  region 
is  for  irrigation. 
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For  the  arid  regions  of  the  west  this  source  of  supply  has  been  of 
inestimable  value,  and  has  been  the  means  of  reclaiming  many  an 
area  of  hitherto  useless  land. 
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Fio.  107.  —  Geologic  section  of  Atlantic  Coastal  Plain,  showing  water-bearing  hori- 
zons.    {After  Darton^  Amer.  Inst.  Min.  Engrs,,  Trans.  XXIV.) 

Crystalline  Rocks.  —  Recent  investigations  have  shown  that  a 
considerable  amount  of  water  may  seep  downward  along  the  ver- 
tical joint  planes  of  crystalline  rocks  (PL  XXIX,  Fig.  2),  such  as 
granite,  crystalline  limestone,  gneiss,  and  schist,  and  become  stored 
in  the  horizontal  joint  fissures,  but  owing  to  the  density  of  these 
rocks,  very  Uttle  water  can  accumulate  in  the  pores.    If  now  a  well 
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FiQ.  108.  —  Section  from  Black  Hills  across  South  Dakota,  showing  artesian  well 

conditions.     {After  DarUm.) 


is  drilled  so  as  to  strike  these  water-bearing  joints,  a  more  or  less 
steady  supply  may  be  obtained.  In  most  cases  the  volume  is  not 
more  than  10  gallons  per  minute,  but  occasionally  as  much  as  90 
gallons  has  been  obtained  by  pumping. 

While  the  finding  of  a  supply  of  water  in  crystalline  rocks  is  more 
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or  less  a  matter  of  chance,  still  the  proportion  of  successful  wells  is 
large,  although  the  possibility  of  success  decreases  greatly  below 
200  feet,  and  is  less  even  below  50  feet  than  above  it. 

A  number  of  wells  have  been  bored  in  the  crystalline  rocks  of 
New  England  and  even  other  eastern  states  (3,  21,  31). 
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U.  S.  Geol.  Surv.,  W.  S.  pap.  148,  1905.  —  Oregon  :  43.  Waring,  U.  S. 
Geol.  Surv.,  W.  S.  pap.  220,  1908.  (S.  Cent.  Ore.)  —  Texas  :  44. 
Gould,  U.  S.  Geol.  Surv.,  W.  S.  pap.  191,  1907.  (Panhandle  region.) 
45.  Taylor,  Ibid,,  No.  190,  1907.  (Coastal  plain.)  —  Utah  :  46.  Lee, 
U.  S.  Geol.  Surv.,  W.  S.  pap.  217,  1908.  (Beaver  Valley.)  47.  Rich- 
ardson, Ibid.,  No.  157,  1906.  (Utah  Lake  and  Jordan  River).  — 
Virginia:  48.  Watson,  Min.  Res.  Va.  :  259,  1907.  —Washington:  49. 
Ruddy,  Wash.  Geol.  Surv.,  I  :  296,  1901.  —  Wisconsin  :  50.  Kirch- 
oflfer.  Bull.  Univ.  Wis.,  No.  100,  1905.  (Goneral.)  51.  Weidman, 
Wis.  Geol.  Surv,  Bull.  16  :  666,  1907.  (Crystallines  area,  N.  Cent. 
Wis.)  —  Wyoming  :  52.  Knight,  Wyo.  Univ.  Exper.  Sta.,  Bull.  45, 
1900. 

MINERAL  WATERS 

This  term  is  commonly  applied  to  those  spring  waters  containing 
a  Variable  amount  of  dissolved  solid  matter  of  such  character  as 
to  make  them  of  medicinal  value.  Their  origin,  although  often 
regarded  as  curious,  is  simple,  the  dissolved  substances  having  been 
derived  from  the  rocks  through  which  the  spring  waters  have  circu- 
lated. Many  mineral  waters  contain  carbonic  and  even  other  acids, 
and  alkalies,  which  further  increase  their  powers  of  solution.  There 
is  apparently  some  connection  between  hot  mineral  springs  and 
geological  structure,  as  they  are  more  abundant  in  regions  of  fault- 
ing or  recent  volcanic  activity.  Waters  flowing  from  shallow 
sources  usually  show  the  lowest  mineralization,  and  those  derived 
from  sedimentary  rocks  often  show  a  greater  quantity  of  dissolved 
material  than  those  occurring  in  igneous  rocks. 

Springs  whose  temperature  is  above  70°  F.  are  termed  thermal, 
those  between  70°  F.  and  98°  F.  being  classed  as  tepid,  and  those 
hotter  than  this  as  hot  springs.  The  following  will  serve  as  ex- 
amples to  show  the  temperature  of  different  thermal  springs:  Sweet 
Springs,  West  Virginia,  74°  F.;  Warm  Springs,  French  Broad 
River,  Tennessee,  95°;  Washita,  Arkansas,  140°  to  156°;  San 
Bernardino  Hot  Springs,  California,  108°  to  172°;  Las  Vegas,  New 
Mexico,   110°  to  140°. 

The  volume  of  discharge  shown  by  mineral  springs  is  quite  vari- 
able. The  famous  Orange  Spring  of  Florida  discharges  5,055,000 
gallons  per  hoiu*,  while  others  are  as  follows:   Champion  Springs, 
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Saratoga,  New  York,  2500  gallons;  Roanoke  Red  Sulphur  Springs, 
Virginia,  1278  gallons;  Warm  Sulphur  Springs,  Bath,  Virginia, 
360,000  gallons;  Glen  Springs,  Waukesha,  Wisconsin,  46,000 
gallons. 

While  a  classification  of  mineral  waters  may  be  geographic,  geo- 
logic, therapeutic,  or  chemical,  that  prepared  by  A.  C.  Peale  is 
perhaps  as  satisfactory  as  any.  He  subdivides  mineral  waters  into 
the  following  classes:  — 

Alkaline 


Alkaline-saUne    J  Sulphatwl 

I  Munated 


Saline 


Add 


r  Sulphated 
1  Muriated 


'  Sulphated 

Muriated 

Siliceous 


Sodio 

Lithio 

Potassio 

Calcio 

Magnesio 

Chalybeate 

Aluminous 


r  Sulphated 
1  Muriated 


The  springs  falling  in  the  above  groups  may  be  either  thermal  or 
nonthermal,  and  may  be  either  free  from  gas  or  contain  COs,  HaS, 
N,  or  CH4. 

Other  classifications  will  be  found  in  references. 

Most  mineral  water  classifications  are  unsatisfactory,  partly  for  the 
reason  that,  although  they  give  the  important  salt  present  in  each  class, 
they  do  not  give  the  amount,  a  matter  of  some  importance.  Thus  it  has 
been  pointed  out  for  example  that  two  mineral  waters  might  contain,  re- 
spectively, 250  and  2000  parts  per  million  of  mineral  matter  of  the  same 
relative  composition,  and  would  therefore  fall  in  the  same  class.  Both 
might  be  carbonated^  aodiCy  calcic,  muriated^  alkaline^aaline.  Now  the 
former  would  be  satisfactory,  but  the  latter  would  not  only  be  too  hard  for 
household  uses,  but  would  contain  so  much  salt  as  to  give  it  a  decided  taste. 

Again,  it  is  important  in  some  cases  to  know  the  probable  combinations 
present.  To  a  physician  it  is  immaterial  to  know  whether  sulphates  present 
are  those  of  sodium  or  magnesium,  since  they  have  similar  medicinal  effects. 
The  engineer  must  know  which,  as  the  former  is  harmless,  while  the  latter 
forms  boiler  scale. 

Distribution  of  Mineral  Waters  in  the  United  States.  —  There 
are,  according  to  Peale,  between  eight  and  ten  thousand  mineral 
springs  in  the  United  States,  and  of  this  number  695  reported  pro- 
duction, 1908.  The  majority  of  the  commercially  valuable  mineral 
springs  are  located  in  the  eastern  United  States  and  Mississippi 
Valley.     West  of  the  101st  meridian  they  are  confined  chiefly  to 
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the  Pacific  coast.  No  thermal  springs  are  known  in  the  New 
England  states.  Among  the  AmericaQ  springs,  those  at  Saratoga, 
New  York,  have  an  international  reputation,  and  compare  well 
with  many  of  the  foreign  ones.  Others  of  importance  are  the  Hot 
Springs  of  Vii^nia  and  the  Hot  Springs  of  Arkansas. 

The  followir^  table  contains  the  analyses  of  several  types  of 
mineral  waters  from  the  United  States:  — 

Analyses  op  American  Mineral  Waters 


ComriToiKia 


Sodium  carbonate  .  . 
Sodium  bicarbonate 
Sodium  aulDhate  .  . 
Calcium  carbonate  .  . 
Magneaium  carbonate  . 
CaJoium  bicarbonate  . 
MagTiesium  bicarbonate 
Litmum  bicarbonate  . 
Iron  bicarbonate  .  . 
Magnesium  sulphate  . 
Potassium  sulphate 
Sodium  chloride  . 
Potassium  chloride 
Potassium  bromide 
Sodium  bromide  . 
Sodium  iodide 
Silica  .... 
Calcium  sulphate 


143.40 

121.76 

4.76 


gr.  per 
cal. 

8.75 


166.81 

1.57 

4.67 
.53 


111 


l«^" 


ir 


'X 


rj 


1.26 


Production  of  Mineral  Waters.  —  The  production  of  mineral 
waters  in  the  United  States  for  the  last  five  years  was  as  follows;  — 


Ebtimatbd  Production  of  Min 

EBAL  Waters,  1904  to  1908 

y«A« 

S™m" 

Gallons  Sold- 

v..„ 

9M 

S9S 

111 

•sag 

«» 

?ss 

is  nuinber  of  mtingi  raportint  ul«e  to  the  Uuitsd  StBt«e  G 
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Rank  of  States  based  on  Springs  repobtinq,  on  Quantity  bold,  and 

ON  Value  op  Output,  1908 


Number  of 

Spbinqs 
rxpobtxmq 

QUANTITT 

Sold 

Value  of 

Medicinal 

Watbbs 

Value  of 

Table 

Watbbs 

Total  Valus 

1 

Massachusetts 

New  York 

Vir^nia 

California 

Texas 

Pennsylvania 

Missouri 

Wisconsin 
Maine 
Ohio 
Michigan 

Minnesota 

Indiana 
Wiscoiurin 
Arkansas 
California 
Texas 
New  York 
New  Hamp- 
shire 
Virginia 

Pennsylvania 

Kansas 

Wisconsin 
New  York 
Minnesota 
Maine 
California 
Massachusetts 
New  Hamp- 
shire 
Pennsylvania 

New  Jersey 

Virginia 

Wisconsin 

2 
3 

4 
6 
6 
7 

8 

9 

10 

New  York 

Wisconsin 

Massachusetts 

Ohio 

Virginia 

Michigan 

California 

Texas 

Pennsylvania 

New  York 

Indiana 

Minnesota 

California 

Maine 

shire 

Massachusetts 
Virginia 
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ORE   DEPOSITS 


Definition.  —  The  term  ore  deposits  is  applied  to  concentrations 
of  economically  valuable  metalliferous  minerals  found  in  the  earth's 
crust,  while  under  the  term  ore  are  included  those  portions  of  the 
ore  deposit  of  which  the  metallic  minerals  form  a  sufficiently  large 
proportion  and  are  in  the  proper  combination  to  make  their  extrac- 
tion possible  and  profitable.  The  term  ore  mineral  can  be  applied 
to  those  minerals  carrying  the  desired  metallic  elements  which 
occur  within  the  deposit.  These  ore  minerals  may  in  some  cases 
make  up  the  entire  mass  of  the  ore. 

A  metalliferous  mineral  or  rock  might  therefore  not  be  an  ore  at 
the  present  day,  but  become  so  at  a  later  date,  because  improved 
methods  of  treatment  or  other  conditions  rendered  the  extraction 
of  its  metallic  contents  profitable. 

A  few  metallic  minerals  serving  as  ore  minerals,  such  as  gold, 
copper,  platinum,  or  mercury,  sometimes  occur  in  a  native  condi- 
tion; but  in  most  cases  the  metal  is  combined  with  other  elements, 
forming  sulphides,  hydrous  oxides,  carbonates,  sulphates,  silicates, 
chlorides,  phosphates,  or  rarer  compounds,  the  first  five  of  these 
being  the  most  numerous.  A  deposit  may  contain  the  ore  minerals 
of  one  or  several  metals,  and  there  may  also  be  several  compounds 
of  the  same  metal  present. 

Gangue  Minerals.  —  Associated  with  the  economically  valuable 
metallic  minerals  there  are  usually  certain  common  ones,  of  metallic 
or  non-metallic  character,  which  carry  no  values  worth  extracting. 
These  are  termed  the  gangue  minerals.  They  often  form  masses 
in  the  ore  deposit  which  can  be  avoided  or  thrown  out  in  mining, 
but  at  other  times  they  are  so  intermixed  with  the  valuable  metal- 
liferous minerals  that  the  ore  is  crushed  and  the  two  separated 
by  special  methods. 

Quartz  is  the  most  abundant  gangue  mineral,  but  calcite,  barite, 

fluorite,  and  siderite  are  also  common,  while  dolomite,  hornblende, 

pyroxene,  feldspar,  rhodochrosite,  etc.,  are  found  in  some  ore  bodies. 
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Origin  of  Ore  Bodies.  —  The  fact  that  ores  form  masses  of  greater 
or  less  concentration  is  explainable  in  two  ways :  either  they  have 
been  formed  at  the  same  time  as -the  inclosing  rock  (contempord' 
neous  or  syngenetic) ;  or  else  they  have  been  formed  by  a  process  of 
concentration  at  a  later  date  {subsequent  or  epigenetic).  The  first 
theory  is  found  to  be  applicable  to  some  ores  in  igneous  rocks, 
and  probably  a  few  in  sedimentary  ones,  while  the  second  applies 
to  most  ore  deposits,  regardless  of  the  character  of  the  inclosing 
rock. 

It  must  not  be  inferred  from  this,  however,  that  the  origin  of  all 
known  ore  bodies  has  been  definitely  settled,  for  a  strong  diflference 
of  opinion  sometimes  exists  among  geologists  regarding  the  same 
deposit,  and  some  have  been  placed  first  in  one  class  and  then  in 
another;  but  with  all  this  shifting  the  number  of  occurrences  faUing 
in  the  syngenetic  class  has  increased  considerably  and  now  includes 
some  large  and  important  ore  occurrences. 

Syngenetic  deposits.  —  These  may  be  divided  into  two  groups, 
viz.  those  of  magmatic  origin,  and  those  of  sedimentary  origin. 

Magmatic  segregations  (1,  7,  10,  13,  80,  89).  —  Under  this  head- 
ing are  included  a  small  class  of  deposits,  whose  intimate  associa- 
tion with  igneous  rocks  seems  to  prove  beyond  doubt  that  they 
have  been  derived  from  the  igneous  magma  by  a  process  of  segre- 
gation during  their  crystallization  from  it. 

These  separations  usually  take  place  during  the  early  stages  of 
cooling,  and  they  form  the  first  of  a  series  of  minerals,  usually 
crystallizing  out  in  definite  order.  The  first  to  separate  out  from 
the  cooling  magma  are  certain  oxides  such  as  magnetite,  specular 
hematite,  and  more  rarely  chromite  and  picotite,  together  with  a 
few  silicates  such  as  zircon  and  titanite. 

Following  these  come  some  metallic  sulphides,  as  pyrite  and 
pyrrhotite,  while  after  them  the  ferro-magnesian  silicates  separate, 
and  lastly  other  silicates. 

A  separation  of  the  heavy  metals  appears  to  be  characteristic 
of  igneous  magmas  deficient  in  acid-forming  constituents,  but  this 
is  not  surprising,  for  a  consideration  of  the  composition  of  igneous 
rocks  shows  us  that  since  the  basicity  of  an  eruptive  rock  depends 
partly  on  the  percentage  of  the  oxides  of  heavy  metals,  the  basic 
ones  are  more  apt  to  yield  magmatic  separations  than  the  acid  ones. 
In  some  cases,  however,  metallic  concentrations  may  occur  in  acid 
rocks. 

In  these  segregations  it  is  seen  that  the  metallic  minerals  which 
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have  gathered  together  to  form  the  ore  deposits  are  simply  common 
accessory,  and  not  important,  constituents  of  the  igneous  rocks. 
That  is,  the  ore  body  and  the  country  rock  contain  the  same  min- 
erals, but  the  relative  abundance  of  the  silicates  and  metals  are 
reversed.  As  an  example :  the  average  percentage  of  chromium 
in  the  rocks  of  the  earth's  crust  is  about  .01  per  cent.  In  a  peri- 
dotite  magma  it  forms  about  .2  per  cent,  but  in  segregations  within 
the  magma  we  find  40  to  60  per  cent  CrjOs. 

Form  of  Magmatic  Ore  Bodies.  —  Ore  deposits  formed  by  mag- 
matic  segregation  not  only  show  a  varying  degree  of  concentration, 
but  vary  greatly  in  their  size  and  form.  Some  exhibit  vast  dimen- 
sions, as  the  Scandinavian  iron  ore  deposits  of  Kirunavara  and 
Luossavara  (Sjogren) ;  indeed,  these  are  much  larger  than  any  of 
this  type  known  in  North  America,  the  nearest  approach  to  them 
being  the  nickel  deposits  of  Sudbury,  Ontario. 

Magmatically  segregated  ore  bodies  may  occur :  (1)  as  irregu- 
larly distributed  deposits,  which  show  a  transition  into  the  sur- 
rounding igneous  rock;  (2)  as  deposits  on  the  border  of  the  igne- 
ous rock,  but  lying  mainly  within  the  former  and  sending  tongues 
out  into  either;  or  (3)  as  dikes  in  the  igneous  rock.  In  the  latter 
case  they  might  be  regarded  as  very  basic  segregations,  which  have 
been  forced  up  from  below,  subsequent  to  the  intrusion  of  the  basic 
rock  itself.     (See  Iron  ore,  Wyoming.) 

As  stated  above,  the  number  of  ore  deposits  formed  by  magmatic 
segregation  is  small  in  number,  but  the  following  types  can  probably 
be  referred  to  this  class : 

1.  Titaniferous  iron  ores  in  basic  and  intermediate  eruptives 
(Adirondacks,  New  York,  Iron  Mountain,  Wyoming,  etc.),  and 
perhaps  some  iron  ores  in  acid  eruptives  (Mineville,  New 
York). 

2.  Chromite  in  peridotites  and  the  secondary  serpentines. 

3.  Some  sulphide  ores  (Sudbury,  Ontario,  and  Lancaster,  Penn- 

sylvania (?). 

4.  Nickel-iron  ores  in  eruptive  rocks  (no  value). 

5.  Platinimi  in  basic  eruptives  (no  value). 

6.  Tin  ores  in  some  pegmatites  (South  Carolina). 

7.  Some  gold  ores  in  quartz  veins  (Silver  Peak,  Nevada). 

Syngenetic  Deposits  of  Sedimentary  Origin.  —  If  ores  in  sedi- 
mentary rocks  are  of  contemporaneous  ori^n  they  must  have  been 
formed  at  the  same  time  as  the  rock  in  which  they  occur,  the  process 
being  either  a  chemical  or  mechanical  one,  similar  to  that  by  which 
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the  dififerent  kinds  of  stratified  rocks  have  been  formed.  Two 
classes  might  be  recognized,  viz.  (1)  interstratified  deposits,  and 
(2)  sm'ficial  deposits  or  placers. 

Interstratified  sedimerUary  deposits,  —  These  may  have  originated 
by  processes  analogous  to  those  which  have  formed  the  inclosing 
rocks.  Some  may  have  accumulated  by  precipitation  from  sea 
water  or  fresh  water,  a  process  which  is  going  on  even  at  the  present 
day,  as  shown  by  the  deposition  of  limonite  in  ponds,  or  the  forma- 
tion of  nodules  of  limonite,  pjrite,  or  manganese  on  the  ocean  bot- 
tom. 

Others  may  be  of  mechanical  origin,  the  grains  of  metallic 
minerals  having  been  set  free  by  disintegration  of  rocks  on  the  land, 
and  the  particles  later  becoming  segregated,  as  in  the  case  of  magne- 
tite sands,  formed  along  the  beaches  by  wave  action.  Both  types 
may  be  subsequently  covered  up  by  other  sediments,  or  in  rarer 
cases  by  igneous  flows. 

Sedimentary  deposits  of  the  two  types  just  mentioned  are  of 
tabular  form,  and  thin  out  horizontally  in  all  directions,  but  many 
of  them  are  of  great  extent  (Clinton  ores)  and  even  of  curiously 
uniform  character.  They  are  sometimes  sharply  separated  from 
the  inclosing  rocks,  or  at  others  grade  into  them.  Further  charac- 
teristics to  be  noted  are  the  absence  of  fragments  of  the  overlying 
country  rock  in  the  ore,  and  of  veinlets  branching  oflF  from  the  bed. 
If  folding  of  the  rocks  has  occurred,  the  beds  follow  the  folds. 
Sedimentary  deposits  are  occasionally  enriched  by  water  circu- 
lating through  the  beds  and  causing  a  concentration  of  the 
contents. 

Placer  deposits.  —  Placer  deposits  now  found  on  the  surface 
are  of  recent  geologic  age,  thus  differing  from  mechanically 
formed  interbedded  ores,  and  have  usually  originated  by  stream 
action. 

When  the  products  of  rock  decay  are  washed  down  the  slopes 
and  into  the  streams,  the  lighter  material  is  carried  ofif  to  sea,  while 
the  heavier  particles  such  as  pebbles  and  metallic  mineral  grains 
remain  behind  in  the  stream  channels.  The  metallic  fragments 
by  reason  of  their  higher  specific  gravity  settle  to  the  bottom  of 
the  channel,  and  all  become  more  or  less  rounded  by  the  rubbing 
action  they  are  subjected  to  while  being  moved  along  by  the  stream 
current. 

Placer  deposits  may  also  be  formed  along  beaches  by  wave  action, 
while  a  rare  type  are  those  which  originate  in  dry  climates  by  the 
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disintegration  of  rock,  little  of  the  material  being  removed,  except 
sandy  particles  which  are  blown  away  by  the  wind. 

From  what  has  been  said  above,  one  must  not  get  the  idea 
that  placer  deposits  did  not  form  in  the  past,  for  they  did,  and  are 
known  to  exist  in  sedimentary  formations  as  far  back  as  the  Cam- 
brian.    (See  Gold,  South  Dakota.) 

Epigenetic  Ore  Deposits.  —  These,  as  previously  stated,  are  of 
later  age  than  the  inclosing  rock.  In  other  words,  they  have  been 
concentrated  in  the  rocks  by  natiu'al  processes. 

In  order  to  demonstrate  this  it  is  necessary  to  show :  (1)  the 
source  of  the  metals  found  in  the  rocks ;  (2)  the  existence  of  a  car- 
rier which  could  transport  the  metals,  in  solution  probably ;  and 
(3)  the  existence  of  conditions  favorable  to  the  precipitation  of  the 
ore.* 

Occurrence  of  Metah  in  the  Rocks.  —  It  is  well  known  that 
metallic  minerals  in  small  quantities  are  widely  distributed,  in  both 
igneous  and  sedimentary  rocks.  Sandberger  (76),  for  example, 
has  shown  by  analyses  the  presence  of  nickel,  copper,  lead,  tin, 
and  cobalt  in  such  minerals  as  hornblende,  olivine,  and  mica ;  and 
Curtis  has  found  traces  of  silver,  gold,  and  lead  in  the  quartz-por- 
phyries at  Eureka,  Nevada,^  and  silver,  arsenic,  lead,  copper, 
and  gold  in  the  granite  at  Steamboat  Springs,  Nevada.'  Winslow 
has  pointed  out  the  presence  of  small  quantities  of  lead  and  zinc 
in  the  limestones  of  Missouri  and  Wisconsin  (see  lead  and  zinc 
references),  and  Wagoner  has  made  similar  tests  on  California 
sediments  (92  a).  Since,  however,  the  sediments  were  originally 
derived  from  the  igneous  rocks,  it  follows  that  the  latter  must  be 
the  original  source  of  the  minerals.  It  is  interesting  to  note  that 
even  in  the  igneous  rocks  the  metals  are  not  impartially  distributed, 
but  that  certain  metals  seem  to  favor  certain  rocks.*  Thus  iron, 
manganese,  nickel,  cobalt,  chromium,  platinum,  and  titanium 
seem  to  favor  basic  rocks;  while  tin,  tungsten,  and  some  rarer 
metals  favor  the  acid  ones. 

While  the  occurrence  of  metallic  minerals  in  the  rocks  of  the 
earth's  crust  is  widely  recognized,  few,  perhaps,  realize  the  small 
percentage  existing  outside  of  those  concentrated  portions,  the 
ore  deposits;  and  the  following  table,  showing  the  average  com- 

*  In  many  cases  cavities  in  the  rocks  offer  a  favorable  point  of  precipitation, 
but  it  is  now  recognized  that  open  spaces  are  not  necessary  for  ore  deposition. 

»  U.  S.  Geol.  Surv.,  Mon.  VII :  80.  » Ibid.  Mon.  XIII :  350. 

*  De  Launay,  Ann.  d.  Min.,  Aug.,  1897. 
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Manganese 089 

Sulphur 11 

Barium 09 

Chromium 034  — 

Nickel 023- 

Lithium 01 

Chlorine.     . 06 

Fluorine 02  + 

Zirconium 026  — 

Vanadium 014  — 

Strontium 034 


position  of  rocks  of  the  earth's  crust/  will  serve  to  emphasize 

this  point: — 

Oxygen 47.08 

Silicon 28.30 

Aluminum     .     .     .     .     .     .       7.99 

Iron 4.47 

Calcium 3.45 

Magnesium 2.36 

Potassium 2.46 

Sodium 2.54 

Titanium 44 

Hydrogen 16 

Carbon 13 

» 

Phosphorus  ...."-•-<.         .11 

An  examination  of  the^^::^)ve  figures  shows  that,  of  some  twenty 
metals  that  are  of  importance  to  us  for  daily  use,  only  five,  viz. 
aluminum,  iron,  manganese,  chromium,  and  nickel,  are  included 
in  the  above  list,  and  that  the  others  must  be  present  in  amounts 
of  less  than  .01  per  cent. 

Professor  Vogt  ^  has  endeavored  to  estimate  the  approximate 
average  amount  present  of  other  important  (economically)  metals, 
not  included  in  the  above  table.  According  to  him,  the  percentage 
amount  of  tin,  zinc,  and  lead  is  expressed  by  a  digit  in  the  thii^ 
or  fourth  decimal  place,  copper  in  fourth  or  fifth,  silver  in  sixth 
or  seventh,  gold  and  platinum  in  seventh  or  eighth.  Mercury 
would  show  a  slightly  larger  percentage  than  silver,  and  arsenic, 
antimony,  molybdenum,  and  tungsten,  between  copper  and  silver. 
Bismuth,  selenium,  and  tellurium  would  be  placed  between  silver 
and  gold  in  the  list. 

As  actual  examples  of  the  amounts  present,  we  may  quote  the 
following  determinations  made  on  eruptive  rocks  from  several 
localities. 


Metal 

Per  cent 

LOCALITT 

Copper 

Lead 

Lead 

Zinc 

Silver 

Silver 

Gold 

Gold 

.009 

.0011 

.004 

.009 

.00007 

.00016 

.00002 

.00004 

Missouri 
Colorado 
Missouri 
Missouri 
Leadville,  Colo. 
Eureka,  Nev. 
Eureka,  Nev. 
Owyhee  Co.,  Ido. 

\ 


»  Clarke,  U.  S.  Geol.  Surv..  Bull.  419  :  9,  1910. 
*  Zeltschr.  prak.  Geol.,  July  and  Sept.,  1898. 
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It  is  quite  evident  that  the  percentage  of  metal  normally  dis- 
tributed in  the  rocks  of  the  earth's  crust,  as  indicated  above,  is 
far  too  low  to  be  regarded  as  workable  ore,  for,  in  order  to  be  classed 
as  such,  the  rock  must  contain  at  least  a  certain  percentage  of  the 
metal,  which  varies  not  only  with  the  metal,  but  even  with  the  same 
metal  under  different  conditions,  such  as  location  and  nature  of  ore. 

Iron  ores,  for  example,  especially  low-grade  ones,  cannot  be  suc- 
cessfully worked,  unless  favorably  located;  whereas  gold  ores, being 
of  higher  unit  value,  are  much  less  affected  by  this  factor.  Again, 
the  nature  of  the  ore  has  to  be  considered,  some  being  quite  easily 
treated,  but  others  less  so,  and  here  the  manner  of  association  comes 
into  consideration.  Thus  the  presence  of  copper  or  lead  may 
facilitate  the  extraction  of  gold  and  silver,  while  zinc  hinders  it. 
Lastly,  with  changed  conditions,  a  rock  which  was  formerly  of  no 
economic  value  may  become  a  profitable  ore  to  work,  partly  be- 
cause improved  methods  of  treatment  have  lowered  the  cost  of 
production.  The  quantity  of  metal  necessary  in  an  ore  for  profit- 
able working  is  referred  to  under  "  Value  of  Ores  '*  in  this  chapter. 

Mode  of  Concentration.  —  It  is  now  generally  admitted  that 
water,  whatever  its  source,  is  an  important  agent  in  the  concentra- 
tion of  many  ores.  While  cold  water,  free  from  impurities,  has  com- 
paratively little  solvent  power,  the  presence  of  acids  or  alkalies 
materially  increases  its  solvent  capacity,  while  heat  and  pressure 
have  also  a  great  influence.  Analyses  of  mine,  spring,  and  surface 
waters  have  shown  the  presence  of  many  dissolved  alkalies  and  other 
salts  (24),  and  occasionally  small  quantities  of  metals. 

The  following  two  analyses,  which  will  serve  as  examples,  give 
the  calculated  composition  of  (1)  vadose,  or  shallow  water,  from 
the  500-foot  level  of  the  Geyser  silver  mine.  Silver  Cliff,  Colorado, 
and  (2)  deep  water  from  the  2000-foot  level  of  the  same  mine. 
The  ore  occiu's  in  rhyolite.    The  figures  are  grams  per  1000  liters. 


SiO,      .  . 

A1,0,  .  . 
AUO,,  P2O5 
FeCOa 

MnCO,  . 
CaCOa 

CaaPiOs  . 

CaFa     .  . 


2 


24.42 
1.06 

7.25 
1.19 
366.03 
tr. 
tr. 
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SrCO,  . 
MgCOa 
K2SO4  . 
KCL     . 
KBr,  KI 
NajCOs 
NaaSO* . 
NaNO, . 
NaaBiOr 
LiCl.    . 
CO,  .    . 
PbCO,  . 
CuCOa  . 
ZnCO,  . 


3.29 

621.84 

19.18 

361.34 

tr. 

1489.67 

223.53 

2.19 

tr. 

17.30 

1418.61 

1.74 

.04 

.66 


The  higher  percentage  of  dissolved  substances  in  the  deep  water 
is  quite  marked. 

While  the  importance  of  hot  water  as  an  agent  in  the  formation 
of  ore  deposits  is  clearly  recognized  by  many,  and  traces  of  metals 
in  solution  are  sometimes  found,  still  examples  of  such  deposits 
now  forming  are  rare. 

Weed  has  described  a  hot  spring  near  Boulder,  Montana  (100),  which  is 
depositing  auriferous  quartz,  and  the  deposit  is  pointed  out  by  him  to  be 
identical  with  silver-  and  gold-bearing  quartz  veins  of  the  region  between 
Butte  and  Helena,  Montana.  At  Steamboat  Springs,  Nevada,  it  has  been 
found  that  the  alluvial  gravels  underlying  the  hot-spring  sinters  are  ce- 
mented bystibnite  and  pjTit^.*  Of  still  more  interest  is  the  .collection,  .by 
evaporation,  of  copper  from  certain  Javan  hot  springs,  in  which  the  metal 
occurs  as  iodide  of  cop[)er.* 

Lindgren  has  also  recently  called  attention  to  the  occurrence  of  certain 
mineral  springs  near  Ojo  Caliente,  New  Mexico  (64),  whose  strongly  alka- 
line water  contains  much  sodium  carbonate  as  well  as  fluorine,  boron,  and 
barium,  the  last  being  present  in  considerable  amount. 

The  pre-Cambrian  gneiss  near  by  contains  veinlets  of  colorless  fluorite, 
probably  deposited  when  the  spring  waters  issued  at  a  higher  level.  Higher 
up  the  slope  is  a  narrow  vein,  carrying  small  amounts  of  gold  and  silver  in  a 
gangue  of  colorless  fluorite  and  some  barite,  and  capped  by  a  calcareous 
tufa.  The  latter  is  supposed  to  have  been  deposited  at  the  surface  while 
the  fluorite  was  precipitated  farther  down  in  the  vein  fissure. 

Water  is  known  to  be  widely  (11,  39),  but  not  uniformly,  dis- 
tributed in  the  rocks  of  the  earth's  crust,  and  much  of  it  is  in  slow 

^Lindgren,  Amer.  Inst.  Min.  Engrs.,  Trans.  1905:  275. 
*  Stevens,  Copper  Handbook,  IV  :  156,  1904. 
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but  constant  circulation.  While  it  is  admitted  by  most  geolo^sts 
that  this  water  has  been  an  important  ore  carrier,  there  exists  a 
difference  of  opinion  regarding  its  source,  one  class  maintaining  that 
it  is  largely  of  meteoric  ori^n,  the  other  that  it  is  derived  chiefly 
from  igneous  intrusions. 

Meteoric  Waters  as  Collecting  Agents.  —  That  meteoric  waters 
were  the  most  important,  if  not  the  only,  collecting  agents  of  ores 
was  advocated  by  many  of  the  earlier  geologists,  including  J. 
Le  Conte,*  F.  Posepny,^  and  L.  De  Launay,^  while  in  recent  years 
the  theory  of  ore  formation  by  meteoric  waters  has  been  strongly 
urged  by  C.  R.  Van  Hise  (12).  He  points  out  that  the  earth's 
crust  may  be  divided  into  three  zones :  (1)  an  upper  zone  of  frac- 
ture, beginning  at  the  surface ;  (2)  a  zone  of  combined  fracture 
and  flowage ;  and  (3)  a  zone  of  rock  flowage,  or  of  no  fracture. 

In  zone  1,  or  that  of  rock  fracture,  the  rocks,  if  rapidly  deformed, 
respond  by  fracturing.  If,  however,  the  deformation  is  exceedingly 
slow,  folding  may  result,  but  it  is  due  to  the  rock  slipping  along 
nimierous,  small,  parallel  fractures.  The  conditions  in  this  zone, 
then,  are  favorable  for  the  development  of  numerous  fissures  or 
cavities  in  the  rocks. 

Most  ore  deposits  occur  within  this  zone,  owing  to  the  existence 
of  favorable  conditions  for  the  free  circulation  of  water. 

In  zone  2,  that  of  combined  fracture  and  flowage,  the  pressure 
is  sufficient  to  cause  some  rocks  to  flow,  while  others  of  greater 
strength  will  only  be  fractured.  Other  factors,  such  as  rapidity 
of  deformation,  temperature  at  which  deformation  occurs,  and 
amount  of  moisture  present  may  afifect  the  result.  In  this  zone, 
then,  fractures  may  exist  in  certain  rocks  but  not  in  others. 

In  zone  3,  that  of  rock  flowage,  the  pressure  is  so  great  that 
deformation  of  the  rocks  is  accomplished  by  flowing  rather  than 
breaking,  and  practically  no  cavities  can  exist,  as  they  will  be  closed 
up  as  soon  as  formed. 

Van  Hise  estimates  that  at  a  depth  of  about  ten  thousand  meters 
the  strongest  rocks  will  be  deformed  by  flowing. 

Into  this  zone  of  no  fracture  water  from  the  surface  cannot 
penetrate,  but  above  it  there  may  be  active  percolation  by  water. 
It  is  well  known  that  rain  water,  falling  on  the  earth's  surface, 
seeps  through  the  soil  into  the  underlying  rocks,  permeating  them 

1  Amer.  Jour.  Sci.,  July,  1883,  p.  1. 

*  Trans.  Amer.  Inst.  Min.  Engrs.,  XXIII,  p.  213. 

'  La  Recherche  Captagc,  et  Amenagcmcnt  des  Sources  Thermo-minerales. 
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to  a  variable  depth,  and  forming  a  more  or  less  saturated  zone, 
whose  upper  limit,  lying  at  a  variable  depth,  is  known  as  the  ground- 
water level.  A  second  belt  of  underground-water  circulation  lies 
above  this,  and  extends  to  the  surface.  The  ground-water  level 
is  found  at  a  variable  depth  below  the  surface.  (See  Chapter  XIII, 
Underground  Waters.) 

The  water,  filtering  down  from  the  surface  into  the  rocks,  flows 
through  various  openings,  such  as  fissures  due  to  jointing,  faulting, 
stratification,  or  cleavage,  through  the  pores  between  the  grains, 
or  through  irregular  openings. 


A  B 

Fig.  109.  —  A,  ideal  horizontal  section,  and  B,  ideal  vertical  section,  of  the  flow 
of  underground  water  through  a  homogeneous  medium  from  one  well  to  an- 
other.    (After  Van  Hise.) 


It  should  be  noted,  in  this  connection,  that  the  permeability  does 
not  necessarily  increase  with  the  porosity,  because  a  highly  porous  ^ 
rock  might  have  such  small  pores  as  to  be  but  slightly  permeable. 

While  the  movements  of  underground  waters  are  complex.  Van 
Hise  points  out  that  they  resolve  themselves  into  two  components, 
viz.  horizontal  and  vertical  ones,  with  the  horizontal  movement 
being  probably  the  more  important.  The  entering  waters  then 
flow  downward  first  by  gravity,  and  then  in  general  laterally, 
finally  emerging  again  at  the  surface.  The  motion  is  in  general 
from  areas  of  high  to  low  pressure,  and  the  path  traversed  may  be 
very  irregular  and  circuitous. 

Van  Hise  has  indicated  graphically  the  vertical  and  horizontal 
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paths  by  which  waters  might  pass  from  one  openii^  to  another 
(Rg.  109).  This  shows  two  wells,  separated  by  a.  homogeaeous 
porous  medium.  The  well  A  is  assumed  to  he  empty,  and  the  well 
B  is  filled.  It  will  be  seen  that  some  of  the  water  takes  a  very 
direct  course,  while  other  portions  follow  a  very  curved  path. 

Kgure  110  shows  the  circulation  of  underground  waters  from 
higher  to  lower  levels.  Of  course  to  produce  such  uniform  per- 
colation must  require  the  presence  of  homogeneous  rocks.  There 
will  be  a  strong  tendency  for  the  circulatii^  waters  flowing  through 
the  pores  of  the  rocks  to  flow  towards,  and  concentrate  in,  the 


Fta.  110.  —  Ideal  vertical  aection  of  flow  through  a  homogeneoua  medium.  A. 
water  entering  at  a  number  ot  points  on  a  slope  and  passing  to  a  valley  below, 
istemipted  by  two  vertical  open  chacmelB,  through  which  they  m^  ascend. 
B,  water  entering  the  ground  at  one  point  on  a  slope  and  emer^ng  at  a  lower 
point.     {AJter  Van  Hiae.) 

larger  openings,  such  as  fault  planes,  joint  planes,  etc.,  where 
several  different  waters  may  mingle,  and  the  principal  deposition 
of  metals  occur  (Fig.  110).  While  gravity  is  the  chief  cause  of 
the  circulation  of  the  ground  waters,  other  factors  are  not  without 
influence.  Thus,  as  the  waters  reach  increasing  depths,  thrir 
temperature  rises,  and  this  is  accompanied  by  a  decrease  in  the 
viscoaty  of  the  water,  accelerating  its  circulation  at  those  depths. 
In  considering  the  work  performed  by  ground  waters,  it  is  neces- 
sary to  regard  the  zone  of  fracture  as  divided  into  two  belts,  viz. 
an  upper  belt  of  weathering,  and  a  lower  belt  of  cementation.     The 
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first,  in  which  the  ordinary  weathering  processes  go  on,  ex- 
tends to  ground-water  level.  The  second  lies  below  this,  and 
is  characterized  by  such  changes  as  cementation,  induration, 
hydration,  deposition,  and  increasing  volume  of  the  rocks.  They 
are  changes  involved  in  the  transfer  of  mineral  matter  from 
one  point  to  another.  Now,  according  to  Van  Hise's  theory  the 
descending  waters  are  dissolving  more  or  less  mineral  matter  from 
the  rocks  through  which  they  are  percolating,  this  solution  going 
oii  mainly  in  the  belt  of  weathering;  but  in  the  belt  of  cementation 
deposition  is  the  dominant  process.  Moreover,  since  there  is  a 
concentration  of  currents  toward  cavities  or  fissures,  most  of  the 
precipitation  will  go  on  there.  Furthermore,  it  is  the  ascending 
currents  in  the  larger  cavities  which  are  likely  to  be  depositing  ones, 
because  in  them  the  temperature  and  pressure  are  decreasing, 
conditions  tending  to  reduce  the  solvent  power  and  saturation 
point  of  the  solution. 

Solutions,  of  different  kinds  meeting  at  the  intersection  of  two 
fissures  might  deposit  some  of  their  dissolved  mineral  matter, 
because  of  reactions.  While  the  main  deposition  is  performed 
by  ascending  sohitions,  descending  waters  may  become  at  times 
depositing  onos. 

Magmatic  Waters  as  Concentrating  Agents  (28,  47,  48,  49,  59, 
61).  —  While  some  ores  undoubtedly  owe  their  primary  concen- 
tration to  meteoric  waters,  still  the  majority  of  geologists  probably 
believe  that  in  most  cases  the  work  has  been  performed  by  mag- 
matic waters. 

According  to  this  theory  the  waters  issuing  from  cooling  magmas 
carry  metals  with  them,  which  they  deposit  at  varying  distances 
from  the  intrusive  as  they  rise  towards  the  surface..  (See  further 
under  Magmatic  Emanations.)  In  addition,  these  magmatic  solu- 
tions may  also  gather  some  additional  metalliferous  minerals  from 
the  rocks  through  which  they  pass.  This  theory,  although  it  has 
grown  greatly  in  recent  years,  is  not  a  new  one,  for  it  was  suggested 
l)y  Elie  de  Beaumont  as  early  as  1850,*  but  its  full  significance  was 
not  grasped  until  some  years  later,  when  the  writings  of  Vogt '  (in 
1894),  Spurr,'  Lindgren  (59  a),  and  especially  Kemp  (48)  did  much 
to  emphasize  its  importance. 

Many  of  the  points  brought  out  have  been  used  as  arguments 
against  Van  Hise's  theory  of  meteoric  circulations,  and  include  the 

»  Geol.  Soc.  France.  Bull.  XV  :  1249.  »  Zeitsch.  fftr  prak.  Geol.,  II. 

« U.  S.  Geol.  Surv.,  16th  Ann.  Rept.,  II. 
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following :  Meteoric  waters  do  not  reach  great  depths,  in  fact  prob- 
ably not  more  than  2000  feet  or  sometimes  less  from  the  sm'f ace, 
and  when  they  do  penetrate  to  a  greater  distance,  it  is  because  they 
have  followed  some  fissure.  The  lower  levels  of  many  deep  mines 
are  so  dry  as  to  be  dusty.  Ores  have  been  concentrated  at  a 
much  greater  depth  than  that  reached  by  surface  waters.  It  is 
perfectly  reasonable  to  regard  igneous  rocks  as  an  important  source 
of  water,  and  the  experiments  of  Daubree  have  shown  that  a  mol- 
ten granite  contains  a  large  amount  of  vapor  which  it  retains  while 
at  great  depths,  but  gives  ofif  on  approaching  the  surface  and  cool- 
ing. Moreover,  vast  quantities  of  steam  are  emitted  by  volcanoes 
during  periods  of  eruption,  and  certain  quickly  cooled  rocks,  such  as 
pitchstones,  contain  several  per  cent  of  water.  The  suggestion 
that  this  water  has  filtered  in  from  the  surface  is  scarcely  con- 
ceivable, as  the  heat  of  the  molten  rock  would  tend  to  drive  it 
away. 

It  is  an  undeniable  fact  that  most  metalliferous  veins  are  found 
in  areas  of  igneous  rocks,  and  Lindgren  (see  Metallogenetic  Epochs 
on  a  later  page)  has  shown  that  in  the  case  of  the  gold  deposits  of 
North  America  the  periods  of  vein  formation  agreed  closely  with 
those  of  igneous  activity.  It  is  also  a  noteworthy  fact  that,  with  the 
exception  of  some  deposits  of  conmioner  metals,  such  as  iron,  and 
some  copper,  lead,  and  zinc,  ores  are  found  in  close  association  with 
igneous  intrusions,  which  seems  to  postulate  a  close  connection  be- 
tween igneous  rocks  and  ore  deposits,  as  advocated  by  such  authori- 
ties as  Weed,  Kemp,  Lindgren,  and  Enmions.  While  the  importance 
of  magmatic  waters  as  agents  of  primary  deposition  is  quite  gener- 
ally admitted,  it  is  true  that  the  metalliferous  minerals  as  originally 
deposited  have  not  always  been  sufiiciently  concentrated  to  serve 
as  ores,  but  they  have  become  concentrated  at  a  later  date  by 
meteoric  waters,  as  at  Bisbee,  Arizona.  (See  Ransome,  under 
copper  references.)  Posepny  (68),  in  his  work  on  the  Genesis  of 
Ore  Deposits,  distinguishes  between  descending  surface  waters, 
or  vadose  circulations,  and  ascending  waters  from  great  depths. 
It  is  the  former  that  have  been  active  in  the  secondary  concentra- 
tion of  ores. 

Deposits  from  Magmatic  Emanations.  —  Under  magmatic  ema- 
nations are  included  gases,  vapors,  or  liquids,  given  ofif  by  molten 
magmas  during  cooling. 

In  order  to  point  out  more  clearly  the  several  processes  by  which 
ores  may  be  deposited  from  magmatic  emanations  it  may  be  well 
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to  turn  for  a  moment  to  the  molten  magma  and  consider  certain 
changes  which  take  place  during  the  period  referred  to. 

A  study  of  large  intrusive  masses  has  shown  us  that  the  molten 
mass  after  coining  to  rest  sometimes  tends  to  separate  into  two  parts, 
the  one  basic,  the  other  acid,  with  a  gradational  zone  between.  The 
acid  portion  may  be  either  the  outer  or  central  part  of  the  mass. 

A  segregation  of  metallic  minerals  may  occur,  though;  even  if 
the  magma  as  a  whole  does  not  spht  up.  But  whether  or  not  such 
a  differentiation  occurs,  the  molten  magma,  after  coming  to  rest, 
will  cool  first  in  its  outer  and  upper  portion,  the  contraction  inci» 
dent  to  sohdification  causing  numerous  fractures.  Into  these  there 
may  be  forced  molten  rock  from  the  still  uncooled  lower  portions 
of  the  mass,  or  water  and  gases  forced  out  of  the  solidifying  parts 
of  the  magma.  This  water,  however,  must  be  in  a  vaporous  form, 
because  the  heat  is  undoubtedly  sufficiently  great  to  raise  its  tem- 
perature above  the  critical  point,  and  the  pressure  is  hkewise  heavy. 
In  many  cases  no  doubt  the  fissure  may  become  filled  by  a  mixture 
of  water  and  magma,  the  former  in  such  excess  that  it  may  be  diffi- 
cult to  say  whether  this  should  be  called  an  igneous  fusion,  or  a 
watery  solution,  for  under  pressure  water  can  mix  with  a  magma 
in  all  proportions,  giving  us  a  series  of  mixtures,  with  a  fused  mass 
at  one  end  and  a  hot  solution  at  the  other. 

Many  magmas  in  cooling  give  off  mixtures  of  watery  vapors 
and  gases  (such  as  fluorine,  boron,  etc.) ;  and  these  before  leaving 
the  igneous  mass  no  doubt  extract  metallic  or  other  elements  and 
carry  them  along,  only  to  deposit  them  later,  either  in  the  outer 
parts  of  the  cracks  in  the  border  of  the  intrusion  or  in  the  surround- 
ing rocks. 

As  these  emanations  from  the  magma  get  farther  away  from  it, 
where  temperature  and  pressure  are  less,  the  watery  vapors  con- 
dense, and  these  hot  solutions  (magmatic  or  juvenile  waters)  grad- 
ually work  their  way  towards  the  surface,  sometimes  reaching  it, 
and  flowing  out  as  hot  springs. 

It  is  possible  and  indeed  probable  that  as  they  reach  shallower 
depths  they  may  become  more  or  less  mixed  with  meteoric  waters. 

These  magmatic  emanations  with  their  burden  of  mineral  matter 
may  not  only  deposit  this  at  a  varying  distance  from  the  intrusive, 
but  they  in  many  cases  often  attack  the  rocks  through  which  they 
pass,  altering  them  to  a  marked  degree,  and  in  addition  dissolve 
materials  from  the  rocks  they  permeate. 

The  kind  of  materials  deposited  and  the  character  of  the  altera- 
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tion  depend  to  a  large  degree  upon  physical  conditions,  primarily 
temperature  and  pressure. 

If  the  deposition  and  alteration  occur  while  the  magmatic  emana- 
tions are  still  in  a  vaporous  form  (due  to  high  temperature  and 
pressure),  the  process  is  termed  pneumatolysis  (gaseous).  If  it 
occurs  when  the  water  is  in  hquid  form,  it  is  termed  hydatogeneais 
(aqueous).  In  some  instances  both  gases  and  liquids  may  be  pres- 
ent, the  work  then  being  gas-aqueous  or  pneurnato-hydaio-genetic. 

It  is  naturally  difficult  to  prove  in  many  cases  whether  the  phe- 
nomena observed  were  produced  by  pneumatolytic  or  hydatogenetic 
processes. 

Certain  important  types  of  deposits,  formed  under  these  varying 
physical  conditions,  may  now  be  referred  to. 

Tin  and  Apatite  Veins  (7,  10,  61,  92).  —  Around  the  borders  of 
certain  granitic  masses  there  are  found  pegmatite  veins  carrying 
cassiterite,  wolframite,  etc.,  as  well  as  fluorspar,  topaz,  and  tour- 
maline. 

The  wall  rocks  of  such  veins  have  been  strongly  attacked,  the 
feldspar  and  mica  especially  being  replaced  by  quartz,  tourmaline, 
topaz,  lepidolite,  etc.,  giving  a  rock  type  known  as  greisen. 

It  is  pretty  generally  conceded  that  these  veins,  which  are  closely 
associated  with  the  magma,  have  been  deposited  from  a  mixture 
of  magma,  watery  vapor,  and  gases,  given  off  during  the  cooling. 
If  the  first  was  in  excess,  the  intergrowth  of  the  quartz  and  feld- 
spar has  the  appearance  of  crystallization  from  fusion,  although 
the  coarse  texture  of  these  minerals  points  to  the  presence  of  a 
marked  amount  of  watery  vapor.  In  other  cases,  however,  where 
it  is  quite  clear  that  the  minerals  have  grown  from  the  walls  toward 
the  center,  sometimes  incompletely  filling  the  cavity,  we  are  forced 
to  the  conclusion  that  watery  vapor  was  greatly  in  excess,  and  that 
the  process  is  largely  if  not  wholly  a  pneumatolytic,  or  at  most  a 
gas-aqueous  one ;  moreover,  the  peculiar  kind  of  alteration  of  the 
wall  rock  indicates  the  presence  of  water  and  gases. 

The  apatite  veins  form  an  analogous  group,  which  are  related 
to  basic  rocks  such  as  gabbro  and  contain  chlorine  as  the  prominent 
mineralizing  agent  in  the  place  of  fluorine.  They  may  carry  specu- 
larite  and  pyrrhotite  as  ore  minerals,  and  scapolite,  diopside, 
hornblende,  and  biotite  as  silicates. 

Contact-^metamorphic  deposits  (53,  54,  60,  97).  —  These  include 
masses  of  metallic  minerals  and  silicates  which  are  found  in  some 
sedimentary  rocks,  chiefly  calcareous  ones,  near  their  contact  with 
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igneous  intrumons,  specially  those  of  a  more  or  less  acidic  char- 
acter. 

It  has  long  been  known  that  an  igneous  mass  may  often  exert 
conaderable  effect  on  the  rocks  which  it  has  penetrated,  sandstone, 
for  example,  being  altered  to  quartztte,  clay  or  shale  to  horostone, 
and  Umestone  to  marble.  Moreover,  the  contact-metamorphism  is 
accompamed  by  the  development  of  new  minerals  in  the  wall  rock. 

Thus  in  limestone  there  may  be  formed  garnet,  woUastonite, 
epidote,  diopside,  amphibole,  wernerite,  vesuvianite,  etc.;  while 
in  aluminous  rock  such  as  shale  and  slate  we  find  andalusite,  silJi- 
manite,  biotite,  etc. 


Flo.  111.  —  Diae^Btn  illustrating  the  relations  of  the  various  types  oF  ore  deposits 
directly  derived  from  igneouH  rocliB.      {AJta  Thaiaaa  aiui  MacAliaier.) 

This  figure  shows  diagraniBticHlly  the  illative  width  of  the  loues  cbarBcteriied  by 
different  processes  (pDcumatolytic,  etc.),  and  theit  contraction  as  the  eruptive 


Even  until  recently  it  was  thought  by  many  that  these  sdlicates, 
as  in  the  limestones,  must  be  segregated  and  recrystaUized  impuri- 
ties, and  hence  could  form  only  in  impure  rocks,  the  pure  limestones 
yielding  ^mply  a  marble. 

Investigation  of  these  contact  zones  has  shown  us,  however,  that 
they  contained  many  elements  wliich  were  not  found  in  the  lime- 
stone outside  of  this  belt  of  metamorphism,  and  we  are  therefore 
driven  to  the  conclusion  that  they  represent  substances  which  have 
been  given  off  by  the  magma  and  lodged  in  the  lime  rock. 
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The  theory  usually  advanced,  to  explain  the  origin  of  these  con- 
tact*metamorphic  deposits  is  that,  during  cooling,  the  magma 
gave  off  watery  vapor,  heated  above  its  critical  temperature 
(365®  C.)  and  under  high  pressure.  With  this  there  were  also 
mineralizing  vapors,  such  as  fluorine  and  boron,  and  metals  as  well 
as  silica.  The  metals  are  believed  by  some  to  have  combined  with 
the  fluorine  or  boron  to  form  volatile  compounds.*  These  were 
forced  out  into  the  fissures  and  pores  of  the  limestone,  and  replaced 
the  latter  wholly  or  in  part.  The  silica,  alumina,  and  iron  combined 
with  the  lime  to  form  garnets  and  other  sihcates,  and  after  these 
came  the  metals,  which  were  also  deposited  by  replacement. 

In  no  case  did  the  substances  entering  the  limestone  to  form 
the  sihcates  wander  very  far  from  the  eruptive,  because  they  be- 
came locked  up  in  the  Umestone,  where  we  find  the  metallic  minerals 
intergrown  with  the  contact  sihcates. 

Contact-metamorphic  deposits  were  probably  formed  at  a  con- 
siderable distance  below  the  surface,  from  a  depth  of  not  less 
than  one  thousand  feet  to  unlimitable  ones,  provided  the  heat  was 
not  high  enough  to  fuse  the  sedimentaries.  That  this  has  not 
occurred  is  shown  by  the  sharp  Une  of  contact  between  the  erup- 
tive and  the  limestone,  which  is  beUeved  by  some  to  warrant  the 
assumption  that  no  melting  of  the  country  rock  has  occurred. 

Contact-metamorphic  deposits  are  usually  of  irregular  shape 
and  somewhat  bunchy  in  character,  but  very  Uttle  can  be  said 
regarding  the  depth  to  which  they  may  extend. 

The  conmion  ore  minerals  found  are  magnetite  and  specularite, 
mixed  with  sulphides  such  as  bomite,  chalcopyrite,  pyrite,  pyr- 
rhotite,  and  more  rarely -galena  and  zinc  blende.  Some  gold  and 
silver  may  also  be  present,  but  tellurides  are  probably  very  rare. 
A  characteristic  feature  is  the  occurrence  of  both  sulphides  and 
oxides,  thus  differentiating  them  from  fissure  veins. 

The  gangue  minerals  are  in  general  lime-alumina  sihcates,  and 
include  garnet,'  woUastonite,  epidote,  amphibole,  pyroxene, 
zoisite,  vesuvianite,  quartz,  and  calcite,  but  rarely  barite,  fluorite, 
apatite,  and  tourmaUne.  The  first  of  these  is  especially  abundant 
and  may  form  nearly  the  entire  mass  of  the  rock. 

Contact-metamorphic  deposits,  though  sometimes  rich  enough 

>  The  rarity  of  fluorine  and  boron  minerals  in  most  contact-metamorphic  de- 
posits may  reasonably  cause  some  to  doubt  this. 

'  Mainly  andradite,  the  iron-lime  garnet,  and  less  often  grossularite,  the  lime- 
alumina  garnet. 

T 
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to  mine  where  not  secondarily  enriched,  need  this  process  in  many 
cases  to  make  the  ore  workable.  This  is  well  illustrated  in  the 
case  of  the  Morenci,  Arizona,  copper  ores. 

Although  this  class  of  deposits  was  recognized  by  Van  Groddeck, 
as  early  as  1879,  he  failed  to  appreciate  the  true  importance  of 
the  associated  intrusive.  In  more  recent  years  the  writings  of 
Vogt,  Kemp,  Weed,  Lindgren,  and  Barrell  have  greatly  increased 
our  knowledge  of  the  true  nature  of  these  interesting  deposits,  and 
we  now  know,  moreover,  that  they  form  a  very  important  and 
somewhat  conmion  type,  which  in  the  United  States  is  restricted 
mainly,  however,  to  the  Pacific  Cordilleras. 

Gold-  and  Silver-bearing  Veins  (61,  13).  —  These  as  described  by 
Lindgren  form  a  most  important  class  which  carry  gold  and  silver, 
as  well  as  varjdng  amounts  of  other  metals,  and  have  probably  been 
formed  at  considerable  depths,  where  temperature  and  pressure  were 
relatively  high.  They  are  usually  associated  with  granite  intrusions 
in  schists,  and  show  a  strong  replacement  of  the  country  rock. 

Ore  Deposits  formed  at  Shallow  Depths  (61,  13). — These  in- 
clude a  number  of  fissure-vein  deposits,  found  in  the  Cordilleran 
region,  and  carrying  gold  with  much  silver,  as  well  as  subordinate 
amounts  of  lead,  zinc,  and  copper.  The  fact  that  they  are  found 
in  flows  of  volcanic  origin  indicates  their  formation  at  compara- 
tively shallow  depths,  that  is,  from  a  few  hundred  to  four  or  five 
thousand  feet.  They  include  most  of  the  veins  of  western  Nevada, 
theSanJuan  region  of  Colorado,  Cripple  Creek,  Colorado,  district,  etc. 

Gold  and  silver  are  prominent,  although  the  former  is  more 
abundant  and  the  native  gold  usually  more  finely  divided. 

Like  the  deeper  veins  they  may  carry  pyrite,  galena,  and  sphal- 
erite, but  in  addition  chalcopyrite,  arsenopyrite,  argentite,  and 
stibnite  are  characteristic  ore  minerals.  Quartz  is  a  common 
gangue  mineral,  and  calcite,  dolomite,  siderite,  barite,  and  fluorite 
are  also  found. 

Metasomatism  varies  somewhat  with  the  different  rocks.  In 
moderately  acid  rocks  sericitization  and  even  pyritization  seem 
to  be  common  near  the  vein,  and  propylitization  ^  farther  away. 
In  basic  igneous  rocks,  propylitization  may  extend  close  to  the 
vein,  but  sericitization  occasionally  takes  its  place.  Silicification 
of  the  wall  rock  is  common  even  in  calcareous  rocks. 

This  class  would  also  include  cinnabar  deposits. 

'  This  consists  in  the  development  of  chlorite  and  epidote  as  well  as  pyrite,  from 
dark  silicates,  and  the  breaking  down  of  feldspar  to  quartz,  chlorite,  and  epidote. 
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Mineral  Deposits  formed  at  the  Surface  by  Hot  Waters  (61). — 
At  or  near  the  surface  mineral  deposits  may  be  formed  by  hot 
springs,  but  they  are  not  usually  of  economic  importance. 

Such  springs  may  deposit  earthy  carbonates  as  sinter,  and  silica 
as  opal  or  chalcedony.  Ore  minerals  developed  under  these  con- 
ditions in  crystaUized  form  are  stibnite,  marcasite,  and  cinnabar, 
but  other  sulphides  have  been  detected  by  chemical  means.  Cal- 
cite,  fluorite,  barite,  and  celestite  may  also  develop. 

According  to  what  has  been  said  above  there  is  a  somewhat 
continuous  series  of  deposits  from  the  deepest  to  the  higher  and 
cooler  zones,  the  mineral  combinations  gradually  changing  from 
those  of  magmatic  and  contact-metamorphic  conditions,  to  those 
known  to  exist  in  surface  hot  springs. 

Formation  of  Cavities.  —  The  deposition  of  ores  in  the  rocks  is 
greatly  facihtated  by  the  presence  of  cavities  along  which  the 
ore-bearing  solutions  freely  pass,  and  consequently  a  great  many 
ore  deposits  occur  in  such  spaces.  There  are  a  number  of  diflferent 
ways  in  which  cavities  may  be  formed  in  rocks.  The  percolation 
of  surface  water  through  certain  ones,  such  as  hmestones,  often 
results  in  the  formation  of  solution  cavities, these  in  many  instances 
attaining  the  size  of  veritable  caverns ;  a  soluble  rock  may  contain 
more  or  less  insoluble  material,  such  as  clay  or  chert,  which  col- 
lapses when  the  surrounding  rock  is  dissolved,  and  partly  fills  the 
cave  thus  formed.  At  times  the  more  resistant  parts  are  so  bound 
together  that  they  remain  in  their  original  position,  forming  a 
porous  mass,  in  the  cavities  of  which  mineral  matter  is  later  de- 
posited. 

Dynamic  disturbances  produce  cavities  of  variable  extent  in 
many  different  rocks.  These  range  from  microscopic  cracks,  like 
the  rift  planes  of  granite,  to  enormous  faults  of  great  depth  and 
linear  extent,  and  include  the  joint  planes  so  conmion  in  the  rocks 
of  almost  all  regions.  Fault  fissures  form  one  of  the  most  important 
types  of  passageways  for  ore-bearing  solutions.  They  are  often 
irregular,  branching,  and  partly  filled  by  fault  breccia,  caused  by 
the  breaking  of  the  rock  during  the  movement  along  the  fault 
plane.  A  third  important  group  of  cavities  in  the  rocks  are  those 
resulting  from  shrinkage  of  the  mass,  which  may  be  due  to 
(1)  shrinkage  during  cooling,  as  in  igneous  rocks;  (2)  shrinkage 
during  certain  forms  of  replacement.  For  example,  the  change  of 
carbonate  of  lime  to  dolomite  is  accompanied  by  a  shrinkage  of 
the  mass,  which  renders  the  dolomite  more  porous  than  the  original 
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rock ;  and  in  the  alteration  of  siderite  to  limonite  there  is  a  shrink- 
age of  fully  20  per  cent  (25).  A  fourth  type  of  channelway  for 
the  passage  of  underground  water  is  the  contact  plane  between 
two  quite  diflferent  kinds  of  rock,  one  of  them  fairly  dense  and 
impervious. 

Deposition  of  Ore  in  Open  Cavities,  —  Open  cavities  may,  ac- 
cording to  general  belief,  exist  to  a  depth  of  many  thousands  of 
feet  below  the  surface.  If  rock  pressure  alone  were  active,  they 
could  not  theoretically  exist  below  the  zone  of  fracture,  but  it 
seems  probable  that  hydrostatic  pressure  due  to  gravity  may  to 
some  extent  counteract  rock  pressure. 

There  is  evidence  to  show  that  some  large  cavities  must  have 
existed  at  great  depths,  and  here  it  is  supposed  that  the  force  of 
crystallization  has  been  sufficient  to  force  the  walls  apart.  Becker 
and  Day  have  demonstrated  the  actual  existence  of  such  a  force,* 
but  Lindgren  points  out  that  it  seems  scarcely  possible  to  attribute 
such  power  to  it  as  would  be  necessary  to  force  deep-seated  crevices 
apart  to  form  room  for  the  crystals,  and  moreover  that  it  would 
"  seem  impossible  that  under  these  conditions  comb  structure  and 
coarsely,  even-grained  quartz  could  be  produced."  Graton^  sug- 
gests that  the  crevices  formed  below  the  zone  of  fracture  have  been 
opened  by  the  pressure  of  solutions  forced  out  of  the  cooling  magma. 

Precipitation  of  Metals  from  Solution,  —  In  some  cases  the 
metalliferous  and  other  minerals  found  in  ore  deposits  have  no 
doubt  been  taken  into  solution  by  surface  waters,  and  precipitated 
at  no  great  depths;  but  in  the  majority  of  instances  the  metals 
were  taken  into  solution  at  some  point  considerably  below  the 
piont  of  precipitation,  where  heat  and  pressure  were  evidently  high. 
The  deposition  of  the  metals  may  then  have  been  due  to  several 
causes,  such  as  the  mingling  of  waters,  resulting  in  chemical  re- 
actions, contact  of  the  solution  with  reducing  agents  such  as  car- 
bon or  ferrous  sulphate,  decrease  in  temperature  and  pressure, 
or  where  the  precipitation  occurs  near  the  surface,  by  oxidation. 

As  has  been  pointed  out  by  Lindgren  (61)  the  physical  conditions 
during  deposition,  especially  temperature  and  pressure,  are  of  great 
importance  in  determining  the  mineral  association  in  ores  formed 
by  deposition  from  solution. 

Certain  minerals,  for  example,  are  very  stable  under  high  pres- 
sure and  temperature,  and  could  not  therefore  exist  under  oondi- 

1  Proc.  Wash.  Acad.  Sci.,  VII :  283. 
'U.  S.  Geol.  Surv.,  BuUetin  293. 
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tions  prevMling  near  the  surface.  That  is  to  say,  that  the  different 
minerals  have  their  "  critical  level,"  above  or  below  which  they 
cannot  form  or  exist.  Other  minerals  are  termed  "  persistent 
minerals,"  because  they  have  a  large  interval  of  existence.^ 

The"  conditions  under  which  different  ore  minerals,  as  well  as 
some  others,  may  exist  are  given  in  the  following  table  (p.  326) 
compiled  by  Lindgren  (61). 

Other  Causes  of  Precipitation.  —  Other  conditions  may,  how- 
ever, operate  to  cause  precipitation,  for,  as  shown  by  Sullivan 
(86),  the  natural  silicates  have  the  power  of  precipitating  metals 
from  solutions  of  salts,  ''while  at  the  same  time  the  bases  of  the 
silicates  are  dissolved  in  quantities  nearly  equivalent  to  the  pre- 
cipitated metals."  The  bases  which  most  commonly  replace  metals 
in  such  a  process  are  potassium,  sodium,  magnesium,  and  calcium, 
and  the  metals  are  precipitated  as  hydroxides  or  basic  salts.  Cu- 
pric  sulphide,  for  example,  is  precipitated  as  a  basic  cupric  sulphate 
similar  to  brochantite  or  langite. 

The  same  investigator  (87)  has  also  found  that  when  a  solution 
of  ferric  sulphate  is  passed  through  a  Pasteur  filter,  18  per  cent  of 
the  iron  is  held  in  the  tube.  Repeated  passage  of  the  same  solu- 
tion caused  the  retention  of  additional  quantities  of  the  same 
metal.  The  explanation  advanced  is  that  hydrolysis  has  pro- 
duced a  colloid  form  of  the  iron  oxide,  which  is  caught  in  the 
pores  of  the  porcelain.  The  experiment  is  highly  suggestive  and 
indicates  that  metalUferous  solutions  in'  passing  through  porous 
rocks  may  be  robbed  of  some  of  their  metaUic  contents  by  a 
amilar  process. 

Some  fifty  years  ago  not  a  few  geologists,  prominent  among 
them  De  la  Beche,  advocated  the  theory  of  ore  precipitation  by 
galvanic  action  (20,  35),  and  a  number  of  experiments  were  made 
attempting  to  prove  the  existence  of  such  action;  now  little 
weight  is  attached  to  this  theory. 

More  recently  Gillette  (39)  has  expressed  the  view  that  osmotic 
pressure  is  an  important  factor  in  ore  deposition,  aiding  to  spread 
the  dissolved  metals  through  the  water  in  the  rocks,  toward  centers 
of  crystallization. 

Replacement,  or  Metasomatism  (596).  —  It  is  a  well-known  fact 
that  under  favorable  conditions  mineral-bearing  solutions  may 
attack  the  minerals  of  the  rocks  which  they  penetrate,  dissolving 
them  wholly  or  in  part,  and  depositing  some  of  the  original  burden 

*  A.  Grubenmann,  Die  Kristallinen  Schiefer,  Berlin,  1904,  p.  55. 
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Minerals  formed  in  Ore  Deposits  under  Varying  Conditions 
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in  place  of  the  material  removed.  This  replacement,  termed 
"  metasomatism,"  is  an  important  factor  in  the  formation  of  many 
ore  depofflts,  and  may  involve  a 
total  or  partial  loss  of  certain  con- 
stituents of  the  rock  attacked  and 
a  gain  of  others,  even  to  the  extent 
of  introduction  of  entirely  new 
compounds  and  elements.  The 
change  takes  place  molecule  by 
molecule,  a  griun  of  vein  material 
being  deposited  for  each  grain  of 
replaced  rock  dissolved.  The  ore- 
bearing  solutions  penetrate  the  rock 
first  along  the  smallest  cracks,  and 
then  work  their  way  into  the  indi-    ^"^   "^  -f^°'o-J^''^'^P*'  <>'  » 

''  section  of   quarti    con^omerate, 

vidual  mineral  grains  along  their  ahowing  repiacem^t  of  quarti 
cleavage  planes,  until  they  finally  (white),  by  pyrito  (black),  x  25 
permeate  the  entire  mass  (Figs.  S° Jr/jr^l'^ '*'^' ■''^' 
112,  113,  and  114).  '        •        ' 

Metasomatic  processes  show  great  variety,  and  are  not  confined 
to  one  kind  of  rock  or  mineral.    In  its  simplest  form  the  result  of 
metasomatism  may  often  be  seen  in  fossiliferous  rocks,   where 
organic   remans  have   been    re- 
placed by  common  mineral  com- 
pounds, as  in  the  replacement  of 
the  lime  carbonate  of  corals  by 
quartz,   or    the   replacement   of 
molluscan  shells  by  pyrite.    From 
such  ample  conditions  there   is 
every  gradation  to  the  complete 
replacement  of  extensive  areas  of 
rock  by  ore,  or  to  the  extensive 
operation  of  metasomatism  along 
the  walls  of  fissure  veins.    In  most 
cases  the   changes  are   believed 
Ro.  ii3.-itepUcem<.ntvem  inwemte   to  be  due  to  the  action  of  under- 
rock.  War  Eagie  Mine.   KoBslaDd.  ,  ,  , 

B.  c.    (o)  granular  orthociase  with    ground  water ;   Dut  in  some  in- 

a  litUe  sericite  :  (ft)  secondary  bio-  stsnCCS  it  SCCmS  probable  that 
tite;(g)BecoQdary  quart.  ;(.)chl.v  j^e  proceSSCS  of  pnCUmatolysis 
nte;    black,    secondary    pyrrhotitc.  *^  .  *j         n      i 

{Aft^  Lindaren,  Amer.  in,t.  Min.  W-"-)  Were  involved.  Replftce- 
Erurt;  Trant.  XXX.)  ment   is  no  doubt  accomplished 
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in  some  cases  by  cold  waters ;  but  in  many  instances  high  tempa<- 
ature,  pressure,  and  concentration  seem  to  have  been  present, 
especially  in  the  case  of  ore  deposits  in  fissure  vans.  It  is  rarely 
posable,  without  examination  of  a  thin  section  with  the  micro- 
scope, to  decide  whether  minerals  present  are  due  to  replacement 
or  to  simple  interstitial  filling. 

Some  minerals  are  more  eaaly  replaceable  than  others,  conse- 
quently the  rocks  in  which  such  predominate  might  be  more  widely 
affected  than  others.  {See  Butte,  Montana,  and  CUfton,  Arizona, 
under  Copper.) 

The  theory  of  metasomatism  was  first  applied  in  America  by 
Pumpelly,  in  1S71,  in  explanation  of  the  copper  deposits  of  Michi- 


Fio.  114. -- Photo-micrographH  o(  thin  sections  of  sulphide  ore  from  AustiDvillt^ 
Va.,  miiieB.  X  20  diam.  crossed  oicols.  Shows  crystalUne  granular  dolomiUo 
limestone,  and  the  filling  of  fine  cracks  tLccompBnied  by  replacement  of  limestone 
BTfUDS  along  crystallographic  directions  by  the  sulphides.  Very  dark  iireKular 
areas  in  cent«'  lepreeent  sulphides.  Reentrant  augtes  along  margins  of  the 
sulphides  and  the  spider-like  Brrangement  of  the  sulphlda  areas  as  a  whole  ais 
well  shown.     {After  Wation,  Va,  Gail.  Svrv.,  BvU.  I.) 

gan;  but  the  ore  bodies  of  Leadville,  Colorado,  and  Eureka, 
Nevada,  were  the  first  lai^e  deposits  whose  ori^n  was  explained 
by  it.  Since  then  the  great  importance  of  metasomatism  has  been 
widely  recognized,  and  it  has  become  evident  that  preexisting 
cavities  are  not  necessary  to  the  formation  of  ore  bodies. 

Forms  of  Ore  Bodies  (31).  —  Ore  bodies  vary  greatly  in  their 
form,  and  this  character  has  at  times  been  used  as  a  basis  of  clasM- 
fication  by  some  writers ;  but  the  more  modem  tendency  is  to  use 
genetic  characters  instead,  making  shape  of  secondary  importance 
in  the  groupii^.  Certain  forms  of  ore  bodies  are  so  numerous  as  to 
deserve  special  mention. 
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Fissure  Veijis  (30, 38,  45, 59  a,  74, 99).  —  A  fissure  vein   may  be 
defined  (59  6)  as  a  tabular  mineral  mass  occupying  or  closely  asso- 
dated  with  a  fracture  or  set  of  fractures  in  the  inclosng  rock, 
and  formed  ^ther  by  filling  of  the  fissures  as  well  as  pores  in  the  wall 
rock,  or  by  replacement  of  the  latter  (metasomatism).     When  the 
van  is  amply  the  result  of  fissure  filling,  the  ore  and  gangue  minerals 
are  often  deposited  in  succesdve  layers  on  the  walls  of  the  fissure 
(Rico,   Colorado),  the 
width  of  the  vein  de- 
pendii^  on  the  width 
of  the  fissure  and  the 
boundaries  of  the  ore 
mass  being  sharp.     In 
most    cases,    however, 
the    ore-beaiii^    solu- 
tions have  entered  the 
wall  rock    and  either 
filled  its  pores  or  re- 
placed  it  to  some  ex- 
tent,  thus  giving   the 
vein    an    indefinite 
boundary.      Therefore 
the  width  of  the  fissures 
does    not    necessarily 
stand  in  any  direct  re- 
lation to  the  width  of 
the  vein    (99)   (Butte, 
Montana).     The  term 
vein   nuUerial   is    beat 
used  to  apply  to  the 
aggregate  of  materials 

which  make  up  the  ore  body.     Vein  stone,  though  sometimes  used, 
is  less  desirable  (Emmons). 

Vdns  formed  by  the  simple  filling  of  a  fissure  often  show  a  banded 
structure  of  varyii^  regularity  termed  crustificcaion'^  by  Posepny 
(Rg.  115),  which  may  sometimes  be  brecciated  by  later  movementa 
along  the  fissure.  Secondary  bands  may  be  formed  after  reopening 
of  the  fissm«s  (Fig.  115),  and  such  a  movement  may  cause  breccia- 
tjon  of  the  vein  material.     This  later  movement  may  sometimes 


Fio.  116.  —  Section  of  vein  in  EnterpriBe  mine, 
Rico.  Colo.  The  righteide  shows  later  bBudiag 
due  to  reopening  of  the  fissure.  {After  Rantomt, 
U.  S.  Ocol.  Sun..  22d  Ann.  Rept.,  II.) 


a  bed  of  atnitiBed  n>clc  may  abo  pro- 
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form  a  layer  of  soft,  clayey  material,  known  as  goiige  or  selvage, 
between  the  vein  and  the  country  rock.  Where  the  fissure  has  not 
been  completely  filled,  thus  leaving  a  central  space  into  which  the 
crystals  of  gangue  project,  &  arnib  struciure  is  formed.  The  bands 
in  a  filled  fissure  may  consist  of  gangue  and  ore  alternating,  or  of 
different  ores.  Among  the  commonest  ore  minerals  seen  in  these 
fissure  veins  are  pyrite,  ehalcopyrite,  galena,  blende,  and  sulphides 
of  silver.  Some  regions  afford  especially  fine  examples  of  banded 
veins,  notably  those  of  Grass  Valley,  California,  and  Rico,  Colorado. 
Abroad  the  mines  of  Freiberg,  Saxony,  and  Clausthal,  Prussia,  also 
often  yield  magnificent  specimens.  Even  in  a  single  vein  the  ore 
may  follow  certtun  streaks  which  are  termed  shoots  {q.v.)  or  again  it 
may  be  restricted  to  pockets  of  great  richness,  which  are  known  as 
bottaiizas. 

In  some  veins  the  friction  breeda  or  draped  in  fragments  of  the 
country  rock  form  a  considerable  portion  of  the  vein  filling,  and  the 
ore  has  been  deposited  in  layers  around  these  fragments. 

Fissure  veins  in  which  metasomatic  action  has  predominated 
show  great  irregularity  of  width  and  an  absence  of  well-defined 
boundaries ;  they  also  lack  as  a  rule  the  symmetrical  banding  and 
the  breccias  cemented  by  vein  material.  There  are  all  gradations 
between  these  two  types  of  fissure  veins ;  and  even  in  a  single  vein 
simple  filling  may  occur  in  one  part  and  replacement  in  another. 

Veins  often  split  or  intersect,  and  at  the  point  of  intersection  or 
splitting  the  ore  is  apt  to  be  richer.    There  are  other  reasons  for 
variations  in  richness,  among  the 
most  important  being  the  char- 
acter of  the   wall  rocks,  some 
"  kinds  being  more  easily  replace- 

able or  more  porous  than  others. 
»  Their    physical   character    will 

moreover  exercise   considerable 
influence  on  the  shape  and  size 
Fio.  116. —  Section  showing   change  in   of  the  fissUTC.      ToUgb  FOcks  like 
character  ot  vein  passinE  from  gneisa  gneiss,  for  example,  give  a  clean- 

'LtZrSl^lJiJ^Z  «'«  «»-«=.  "»'  »  brittle  rock 
136.)  the  fissure  is  apt  to  spUt  fre- 

quently, and  therefore  a  vein 
may  be  workable  in  one  kind  of  rock,  but  becomes  worthless  when 
passing  to  another,  since  the  profuse  branching  interferes  with  eco- 
nomical raining  (Fig.  116).     A  dike  may  also  cause  local  irregu- 
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Fig.  117.  —  Tabulation  of  strikes  of  principal 
veins  in  Monte  Cristo,  Wash.,  district. 
{After  Spurr,  U.  S,  Geol.  Sun.,  %1d  Ann, 
Repl,,  II.) 


larities,  and  in  a  given  region  the  fissures  not  uncommonly  show  great 
variation  in  their  direction.  Thus  at  Butte,  Montana  (g.y.),  east- 
west  veins  predominate, 
while  in  the  Silverton  dis- 
trict of  Colorado  they  cut 
the  rocks  in  all  directions, 
but  the  majority  show  a 
north  of  east  trend.  In  the 
Monte  Cristo,  Washington, 
district  the  veins  with 
northeast  trend  are  pre- 
dominant (Fig.  117). 

Fissures  veins  vary  con- 
siderably in  their  width, 
swelling  at  some  points  and 
pinching  or  narrowing  at 
others.  They  also  at  times 
show*  lateral  enrichment 
(Ouray,  Colorado) ;  for  in- 
stance, where  the  ore  cuts 
through  stratified  beds,  into  which  the  ore-bearing  solutions 
have  spread  out  laterally  along  the  planes  of  stratification  or 
other  planes.  It  has  been  noticed  in  some  veins,  especially  those 
formed  by  replacement,  that  the  filling  varies  with  the  wall  rock, 
at  times  changing  suddenly ;  but  where  the  vein  is  formed  wholly  by 
the  filling  of  an  open  fissure,  the  rock  exerts  no  influence  on  the 
character  of  the  ore  (99).  If  the  vein  is  inclined,  the  lower  wall  is 
spoken  of  as  the  foot  wall  and  the  upper  one  as  the  hanging  wall. 

Parallel  fissures  are  not  uncommon,  but  the  several  veins  do  not 
necessarily  show  an  equal  degree  of  richness.  Where  the  vein  is  of 
composite  character,  —  that  is,  consisting  of  closely  spaced  parallel 
fissures  accompanied  sometimes  by  a  mineralization  of  the  interven- 
ing rock,  —  it  is  termed  a  lode. 

The  term  vein  systems  is  suggested  for  a  larger  assemblage  of  vein 
fissures,  which  may  include  several  lodes. 

Subordinate  fractures,  such  as  little  veins,  that  cross  the  material 
included  within  the  vein  walls,  are  called  veirdels  or  stringers. 

The  top  of  the  vein  is  called  the  apex,  and  is  occasionally  traceable 
for  a  long  distance.  It  does  not  necessarily  outcrop  at  the 
surface. 

Linked  veins  represent  a  type  in  which  the  parallel  fissures  are  con- 
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Fio.  118.  —  Linked  veins.     {AjUr  Ordonez.) 


nected  by  diagonal  ones  (Fig.  118),  giving  a  series  resembling  the 
links  of  a  chain. 
Gash  veins  are  a  special  type  of  fissure  vein,  formed  by  the  en- 
largement   of    joint 
planes  and  sometimes 
bedding  planes.  They 
are  characteristic  of 
the  upper  Mississippi 
Valley  lead  and  zinc 
region,  but  are  usu- 
ally of  limited  extent 
and  local  importance. 
In  the  simplest  form 
they   are  a  vertical 
fissure,  but  develop 
into  types  shown  in 
Rg.  119. 
Bedded  vein,  —  This  term  is  sometimes  applied  to  a  deposit  con- 
forming with  the  bedding.     It  is  also  called  bedded  deposit.     Among 
miners  the  term  blanket  vein  is  commonly  applied  to  any  nearly  flat 
deposit. 

Filling  of  Fissure  Veins  (45).  —  The  manner  in  which  fissure  veins  have 
been  filled,  and  the  source  of  the  metals  which  they  contain,  formed  a  most 
fruitful  subject  of  discussion  among  the  earlier  geologists.  The  several 
theories  advanced  and  the  arguments  for  and  against  them  are  well  set 
forth  in  Kemp's  paper  (45),  and  it  may  simply  be  said  here  that  most 
geologists  now  believe  that  the  primary  deposition  of  ores  in  fissure-vein 
deposits  was  accomplished  by  solutions  ascending  along  the  fissures,  which 
sometimes  spread  out  into  the  wall  rooks,  to  a  variable  distance. 

Other  Forms  of  Ore  Deposits.  — 
Chimney  is  a  term  applied  to  ore 
bodies  which  are  rudely  circular  or 
elliptical  in  horizontal  cross  sec- 
tion, but  may  have  great  vertical 
extent.  A  stock  is  a  somewhat 
similarly  shaped  ore  body,  but  of 
greater  irregularity  of  outline. 
Fahlband  is  a  term  originally  used 
by  German  miners  to  indicate 
certain  bands  of  schistose  rocks  impregnated  with  finely  divided 
sulphides,  but  not  alwajrs  rich  enough  to  work.  It  is  occasionally 
used  in  this  country.     Impregnation  is  a  term  indicating  the  occur- 


FiQ.  119. —  Gash  vein  with  associated 
"flats"  (o)  and  "pitches"  (6). 
Wisconsin  sine  region.  (After 
Orani,  Wis.  GeoL  and  Nat.  HiaL 
Surv.,  Bull.  IX.) 
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rence  of  minerals  in  a  finely  disseminated  condition  in  rocks,  either 
as  a  filling  of  open  spaces  or  as  a  replacement  of  certain  minerals. 
Disseminated  deposits  (Fig.  120)  is  regarded  as  a  better  term  by  some. 
Contactrmetamorphic  deposits,  as  now  miderstood,  represent  ore 
bodies  formed  along  the  contact  of  a  mass  of  igneous  and  sedimen- 
tary rock  (usually  calcareous),  the  ore  having  been  derived  wholly 


TiQ.  120.  —  Section  at  Bonne  Terre,  Mo.,  showing  ore  disseminated  through 

limestone. 

or  in  part  from  the  intrusive  mass  (Clifton,  Arizona,  in  part).* 
Ore  channels  include  those  ore  bodies  formed  along  some  path 
which  the  mineral  solutions  could  easily  follow,  as  the  boundary 
between  two  different  kinds  of  rock  (Mercur,  Utah).  Bedded  de- 
posits, foimd  parallel  with  the  stratification  of  sedimentary  rocks, 
and  sometimes  of  contemporaneous  origin  (Clinton  iron  ore). 

Ore  shoots  (43,  67,  65,  104).  —  Few  ore  deposits  are  of  imiform 
character  throughout,  indeed  the  occurrence  of  pay  ore  is  apt  to  be 
more  or  less  irregular,  the 
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richer  material  being  cross 
often  somewhat  restricted  section 
in  its  occurrence.  These 
richer  portions,  if  small, 
may  be  called  nests,  or 
pockets,  but  if  large,  the 
term  orc«Aoof  is  commonly 
applied  to  them.  Accord- 
ing to  some  authors  the 
ore  shoot  includes  only 
the  richer  portion  of 
the  workable  ore.  (Van 
Hise.) 

Other  writers,  among 

them  Emmons,  Lindgren  p,^    121. ^sketch  showing  dimensions  of  an  ore 
and  RanSOme,  employ  the  shoot.     {After  Lindgren  and  Ransome.) 

^  If  the  term  contetct-metamorphtc  deposit  is  used  for  this  type,  it  would  not 
necessarily  conflict  with  the  term  contact  deposit,  applied  to  any  ore  body  occurring 
along  the  boundary  between  two  formations  or  two  kinds  of  rock. 
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term  ore  shoot  or  pay  shoot  to  signify  the  workable  part  of  a 
lode  or  similar  deposit. 

Ore  shoots  are  commonly  of  irregular  shape,  and  usually  steep  dip, 
although  they  may  be  nearly  horizontal. 

According  to  Emmons  the  ore  shoot,  as  a  rule,  has  a  longer  axis 
that  forms  a  large  angle  with  a  horizontal  plane.  This  longer  axis 
may  be  called  the  pitch  length,^  and  the  horizontal  dimensions  along 
the  level  the  slope  length.  Ore  shoots  are  evidently  caused  by  vary- 
ing chemical  and  physical  conditions  in  different  parts  of  the  deposit, 
at  the  time  the  ore  was  formed,  thus  causing  a  more  abundant  pre- 
cipitation of  the  ore  minerals  in  certain  parts  of  the  deposit.  More 
abundant  Assuring,  or  brecciation,  in  certain  parts  of  the  rock  may 
operate  to  promote  deposition  in  those  parts  of  the  mass ;  clay  walls 
may  be  influencing  factors  in  guiding  the  ore  solutions  towards 
certain  spots ;  or  intersecting  fissures  may  permit  the  mingling  of 
reacting  solutions,  thereby  bringing  about  more  abundant  precipita- 
tion of  ore  at  these  crossing  points.  The  existence  of  fissures  in 
certain  parts  of  the  ore  body  might  produce  additional  deposition 
in  those  parts,  by  serving  as  a  guiding  channel  to  either  ascending 
or  descending  enriching  solutions. 

The  examples  cited  above  apply  especially  to  epigenetic  deposits; 
but  if  the  term  ore  shoot  is  used  in  its  broadest  sense,  one  might 
reasonably  include  ore  masses  formed  by  magmatic  segregation. 

Several  attempts  have  been  made  to  classify  ore  shoots,  all  of  them 
being  on  a  genetic  basis.  Thus  Van  Hise  ^  divides  them  into  three 
groups  as  follows:  (A)  those  explained  largely  by  structural  features; 
(B)  those  formed  by  the  influence  of  wall  rocks;  and  (C)  those 
formed  by  secondary  concentration  by  descending  waters. 

Irving  (43)  has  classified  them  as  (1)  shoots  of  variation,  or  those 
which  vary  from  the  inclosing  material  only  in  relative  richness  of 
the  ore;  and  (2)  shoots  of  occurrence,  or  those  which  occur  in  iso- 
lated positions  with  no  other  ore  of  any  kind  about  them. 

Winchell  ^  makes  a  division  into  (1)  paragenetic  shoots,  or  those 
developed  mostly  at  the  time  of  the  original  formation  of  the  ore 
deposit  inclosing  them;  and  (2)  postgenetic  shoots,  or  shoots  devel- 
oped mostly  after  the  original  formation  of  the  inclosing  ore  deposit. 

Secondary  Changes  in  Ore  Deposits  (26,  55,  66,  70,  73,  78,  94). — 
Ore  deposits  are  often  changed  in  their  upper  parts,  and  sometimes 
to  a  considerable  depth,  by  weathering  agents,  while  the  lower- 

»  Lindgren  and  Ransome.  «  Amer.  Inst.  Min.  Engre.,  Trans.  XXX:  27. 

*  Econ.  Geol.,  Ill :  425,  1908. 
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lying  portions,  below  the  ground-water  level,  are  often  enriched  by 
secondary  processes. 

The  two  zones  each  show  a  somewhat  characteristic  set  of  com- 
pounds. Thus  in  the  weathered  zones  we  find  sulphates^  carbonates, 
silicates,  oxides,  chlorides,  arsenates  and  native  metals;  while  in  the 
lower  zone  the  compounds  are  sulphides,  tellurides,  arsenides,  and 
antimonides. 
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FiQ.  122. —  Section  through  Copper  Queen  Mine,  Bisbee,  Ariz.,  showing  variable 
depth  of  weathering.     (After  Douglas,  Amer.  Inst.  Min.  Engrs,,  Trans.  XXIX.) 

Weathering  may  disguise  the  true  character  of  an  ore  body 
most  effectually.  For  example,  the  ore  found  in  the  outcrop  may 
be  a  gold  ore,  and  mills  are  sometimes  erected  and  operated  for  a 
period  on  such  ore,  without  any  suspicion  that  beneath  there  may 
be  great  bodies  of  copper  or  lead  sulphides.  Such  a  change  has 
been  found  at  Bingham,  Utah;  Ely,  Nevada;  or  Mount  Morgan, 
AustraUa.  The  last  has  been  one  of  the  world's  greatest  gold 
mines,  but  is  now  producing  copper  from  its  lowest  levels.  In 
other  cases,  the  base  metals  may  all  have  been  leached  out  of  the 
upper  part  of  the  ore  body,  and  too  little  gold  remains  in  the  gossan 
to  make  it  profitable.  Butte,  Montana,  is  a  well-known  example 
of  this,  for  the  nearly  barren  outcrops  gave  little  clew  to  the  great 
secondary  ore  bodies  lying  below,  and  which  might  never  have 
been  discovered  but  for  the  presence  of  another  system  of  closely 
associated  veins  carrying  silver. 

Weathering  or  Superficial  Alteration  (66).  —  Nearly  all  minerals 
are  attacked  by  the  weathering  agents,  but  the  metallic  minerals 
are  more  easily  and  more  profoundly  affected  than  the  non-metallic 
ones. 

This  weathering  process  involves  both  chemical  and  physical 
changes  similar  to  the  decay  and  disintegration  of  common  rocks, 
but  in  ore  bodies  the  great  number  of  minerals  involved,  includ- 
ing many  with  a  metaUic  base,  give  rise  to  a  large  number  of  in- 
tricate chemical  reactions. 
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As  a  result  of  weathering  worthless  minerals  may  be  removed, 
leaving  the  weathered  part  more  porous,  and  this  may  increase  the 
richness,  because  we  have  a  greater  quantity  of  metals  per  ton  of 
rock. 

Since  many  of  the  metalliferous  minerals  are  ipore  easily  de- 
composed than  the  common  rock-forming  minerals,  the  alteration 
in  an  ore  body  is  more  rapid  and  extends  to  a  greater  depth  than 
in  the  country  rock.  There  is,  however,  a  marked  variation  in  the 
rate  at  which  the  different  ore  minerals  decay,  and  this  variation 
exists  even  in  a  single  group  like  the  sulphides,  in  which  the  order 
or  rate  of  decomposition  is  arsenopyrite,  pyrite,  chalcopyrite, 
blende,  galena,  chalcocite,  and  tetrahedrite. 

The  weathered  part  of  the  ore  body,  so  often  strongly  stained 
by  limonite,  is  known  as  the  gossan,  or  iron  hat  (French,  chapeau-- 
de-fer;  German,  eisener  hut). 

The  first  chemical  changes  in  the  weathering  of  an  ore  body  are 
oxidation  or  hydration,  or  both;  and  these,  together  with  other 
changes,  produce  many  soluble  compounds,  which  can  be,  and 
often  are,  leached  out  of  the  gOssan  by  percolating  waters.  An 
example  of  oxidation  is  the  alteration  of  pyrite  to  ferrous  and 
ferric  sulphate,  and  by  hydration  and  further  oxidation  to  limonite. 
Chalcopyrite  oxidizes  to  copper  sulphate  and  by  hydration  and 
further  oxidation  to  copper  carbonate,  silicate,  or  oxide.  We  see 
therefore  that  the  first  change  in  each  of  the  above  cases,  is  the 
same,  sulphates  being  formed  from  sulphides;  but  that  the  later 
changes  are  different,  the  iron  sulphate  changing  to  hydrous  oxide, 
while  the  copper  forms  a  different  set  of  compoimds. 

Many  of  the  sulphates  formed  may  be  removed  in  solution,  but 
not  a  few  of  the  new  compounds  produced,  such  as  sulphates, 
chlorides,  carbonates,  silicates,  or  even  native  metals,  remain  mixed 
with  the  limonite  in  the  weathered  zone. 

The  porosity  of  the  gossan  is  sometimes  due  to  leaching,  some- 
times to  shrinkage,  as  when  siderite  or  pyrite  changes  to  limonite. 
Hydration,  on  the  contrary,  causes  expansion. 

The  depth  of  weathering  depends  on  topographic  conditions, 
chemical  nature  and  porosity  of  the  deposits,  climate,  etc. ;  but 
in  any  event  it  is  liable  to  vary  in  the  same  deposit,  owing  to 
variation  in  the  permeability  of  different  parts  of  the  mass  (Fig. 
122).  In  Arizona  many  copper  deposits  have  been  changed  from 
sulphides  to  carbonates,  to  a  depth  ranging  from  100  to  700  feet ; 
the  oxidized  ores  of  the  Appalachian  region  average  about  100  feet 
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in  depth ;  while  those  of  the  Rocky  Mountain  area  range  from  50 
to  700  or  more  feet  in  depth. 

The  ferric  sulphate  produced  by  the  weathering  of  pyrite  is  a 
most  important  factor  in  the  alteration  of  ore  deposits.  When 
formed  it  attacks  pyrite  and  other  sulphides,  converting  them 
into  sulphates,  at  the  same  time  being  itself  reduced  to  ferrous 
sulphate,  which  is  in  part  changed  to  limonite  and  sulphuric  acid. 
That  portion  remaining  unreduced  begins  anew  the  scale  of  change. 
Ferric  sulphate  is  thus  the  main  agent  by  which  the  sulphides  are 
dissolved.    Moreover,  it  also  acts  as  a  solvent  of  free  gold. 

All  the  metaUic  contents  are  not,  however,  leached  from  the 
gossan,  for  some  minerals  are  either  difficult  to  dissolve  or  remain 
imattacked.  Thus  in  some  cases  the  leaching  produces  an  enrich- 
ment by  the  removal  of  worthless  constituents  and  a  consequent 
increase  per  ton  of  valuable  minerals.  The  soluble  compounds 
produced  by  weathering  are  often  carried  downward  by  percolat- 
ing water  and  deposited  in  an  irregular  zone  between  the  gossan 
and  the  unweathered  ore  below,  as  in  some  copper  deposits  where 
there  is  found  a  rich  zone  of  black  copper  between  the  gossan  and 
unaltered  sulphides. 

Secondary  Deposition  below  Ground-water  Level.  —  In  many 
ore  bodies,  rich  masses  of  ore  occur  below  the  oxidized  zone,  which 
microscopic  investigation  has  shown  to  be  of  secondary  character. 
The  secondary  deposition  is  most  often  seen  in  gold,  silver,  copper, 
lead,  and  zinc  ores,  and  is  due  to  the  downward  migration  of  the 
products  of  weathering  and  their  redeposition  below  the  water  level. 

If  the  body  of  unaltered  sulphides  below  is  broken  by  fissures, 
the  solutions  containing  the  various  metallic  sulphates  and  sul- 
phuric acid  will  enter  them,  penetrating  at  times  to  considerable 
depths.  Reactions  may  then  take  place  between  the  dissolved 
sulphates  and  the  sulphides  present,  resulting  in  the  precipitation 
of  new  sulphides  on  the  walls  of  the  fracture,  and  forming  rich 
patches  of  ore  known  as  bonanzas  (73,  94).  The  association  of 
these  fractures  formed  after  the  primary  sulphides  is  an  important 
character  of  value  to  the  mining  engineer,  and  from  what  has  been 
said  above,  it  can  be  seen  what  an  important  r61e  sulphides  play 
in  the  secondary  enrichment  process.  It  has  been  noticed,  how- 
ever, that  pyrite  is  not  the  only  reducing  and  precipitating  agent 
in  ore  deposits.  Carbon  is  a  strong  reducer,  and  other  minerals 
also  exert  a  variable  influence  (42).  (See  deposition  of  lead  and 
zinc  in  Wisconsin  and  Ozark  region,  Chapter  XVII.) 
z 
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With  continued  erosion  of  the  surface,  there  is  a  continuous 
downward  removal,  and  the  lower-lying  ores  become  more  and 
more  enriched;  but  the  secondary  enrichment  process  is  affected 
by  a  number  of  factors. 

Thus  if  erosion  is  more  rapid  than  oxidation,  the  body  of  sul- 
phides may  extend  to  the  surface,  for  even  if  any  gossan  forms  it 
is  rapidly  removed.  On  the  other  hand,  if  oxidation  is  more 
rapid  than  erosion,  a  gossan  develops. 

Both  weathering  and  secondary  enrichment  are  therefore  de- 
pendent on  the  physical  structure  and  solubility  of  the  rock,  tem- 
perature (and  indirectly  topography),  quantity  of  water,  and 
length  of  time. 

Reactions  Involved,  —  One  or  two  cases  may  be  cited  which  will  give  in 
greater  detail  the  changes  referred  to  above. 

If,  for  example,  we  have  an  ore  containing  pyrite,  galena,  and  sphalerite 
in  limestone  the  following  changes  may  take  place :  — 

The  sphalerite,  galena,  and  P3n-ite  may  be  changed  to  siilphates,  thus :  — 

ZnSH-40  =  ZnS04,  or 
PbSH-40  =  PbS04. 

1.  The  sulphates  may  react  with  the  limestone: — 

ZnS04  H-  CaCOs  +  2H2O  -  ZnCO.H-  CaS04,  2H,0, 
PbS04  +  CaCO,  H-  2H80  =  PbCO,  -f-  CaS04,  2H,0. 

2.  The  sulphates  or  some  carbonates  may  be  carried  down  below  water 

level  into  the  zone  of  unaltered  sulphides,  where  the  following  reactions 

occur*  — 

PbS04  +  FeS,  +  0,  =  PbS  +  FeS04  +  SO,, 

PbCOa  +  FeSj  +  O,  =  PbS  +  FeCOi  -f  SO2,  or 

PbS04  +  ZnS  =  PbS  +  ZnS04, 

PbCO,  +  ZnS  =  PbS  +  ZnCO,. 

These  zinc  compounds,  being  soluble,  might  be  carried  down  still  farther 
and  there  react  with  iron  sulphides,  as  follows :  — 

ZnS04  H-  FeS,  +20=  ZnS  -f-  FeS04  +  SO,,  also 
ZnCO, ♦+  FeS,  +  20  =  ZnS  +  FeCO,  -f  SO,. 

Second  Ca^e,  —  In  an  ore  consisting  of  a  mixture  of  chalcopyrit«  (CuFeS,) 
and  pjrrite  (FeS,),  the  following  changes  might  take  place  on  weathering:  — 

CuFeS,  -f  8  O  =  CUSO4  -f  FeS04,  and 
FeS,  +  7  O  -f  H,0  =  FeS04  -f  H,S04. 

This  last  equation  involves  intermediate  stages  in  which  S,  H,S,  and  SO, 
may  be  formed. 

The  FeS04  gives  Fe,(S04),  which  is  easily  decomposed  to  a  basic  sul- 
phate, free  hydrates,  and  free  swjid. 

If  the  pyrite  is  cupriferous,  the  H2SO4  will  oxidize  more  of  it. 

The  Fe,(S04)3  may  attack  pyrite  and  other  sulphides,  changing  them  to 
sulphates  and  being  itself  reduced  to  FeS04;  as 

5Fe,(S04),  -f-  Cu,S  +  4H,0  =  2CUSO4  -f-  lOFeSOi  +  4H,S04. 
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This  cycle  of  reactions  will  probably  continue  until  all  of  the  sulphides 
exposed  to  oxidation  have  been  changed  to  oxysalts,  and  most  of  the  iron 
changed  to  limonite.  The  CUSO4  formed  in  the  zone  of  weathering  may 
by  further  reactions  develop  (1)  minerals  characteristic  of  the  oxidized 
zone,  or  (2)  it  may  be  carried  in  solution  down  into  the  sulphide  zone,  and 
there  be  reduced  to  sulphides.     As  illustrative  of  the  first  class  we  have :  — 

2CUSO4  +  2H2Ca(CO,)2  =  CuCO.  (CuOH),  -f  SCO,  +  2CaS04  +  H^O, 

3CUSO4  +  3H2Ca(CO,),  =  2  CuCO,  (CuOH),  +  3CaS04  H-4C0,  +2H,0, 

2CUSO4  +  2FeS04  +  H2O  =  Cuab  H-  Fe,  (804)3  +  H,S04, 

CujO  +  H2SO4  =  Cu  +  CUSO4  +  H,0, 

CUSO4  +  H2Ca(CO,)2  +  H4Si04  =  CuO,  H4Si04  +  CaSO  +  HjO  +  CO,. 

In  the  second  class,  where  CUSO4  is  carried  downward  into  the  sulphide 
body,  the  reactions  given  below  no  doubt  occur:  — 

CUSO4  +  CuFeS,  =  2  CuS  +  FeS04,  or 

2CUSO4  H-  CuFeS,  +  SO2  +  2  H2O  =  CujS  +  CuS  +  FeSOi  +  2H,S04,  or 

CUSO4  -f  2  FeS,  +20=  CuFeS,  +  FeS04  -f  SO2,  or 

CusFeSs  +  CUSO4  +  O2  =  2  CU2S  H-  FeSO*  +  SO2,  or 

CUSO4  H-  2  CuFeS,  +  02=  Cu,FeS,  +  FeS04  +  SO2. 

Value  of  Ores.  —  The  terms  rich  and  pooTj  as  applied  to  ores, 
are  used  with  great  frequency,  although  most  indefinite  and  often 
meaningless.  Under  very  favorable  conditions  it  is  possible  to 
profitably  work  an  ore  of  given  value  at  one  locality,  while  if  found 
under  other  less  favorable  conditions  at  another  point  it  might  be 
almost  worthless. 

Those  who  have  not  given  special  study  to  ore  deposits  often 
fail  to  realize  that  in  the  majority  of  ores  the  percentage  of  metal 
contained  in  the  ore  falls  considerably  below  the  theoretic  per- 
centage of  the  metallic  contents  in  the  ore-bearing  minerals,  due 
of  course  to  the  presence  of  a  greater  or  less  quantity  of  gangue 
minerals  which  tend  to  dilute  the  metallic  values  of  the  vein. 
Many  low-grade  lead  ores  are  profitably  mined  because  their  gold 
and  silver  contents  more  than  pay  the  cost  of  metallurgical  treat- 
ment. In  many  cases  the  metallic  contents  of  the  ore  is  increased 
by  mechanical  concentration  or  by  roasting  (in  the  case  of  sul- 
phides), or  both,  before  the  ore  is  smelted. 

Allowable  Minimum  of  Metal  in  an  Ore  (52).  —  Iron  ores  are  of  little 
value,  wherever  they  may  be  located,  unless  they  contain  at  least  30  per 
cent  of  iron  when  charged  into  the  furnace. 

Copper  has  an  average  minimum  of  about  2  per  cent,  but  the  Lake 
Superior  ores,  because  of  their  peculiar  characteristics,  can  be  operated  on  a 
lower  percentage.  In  the  case  of  these  low-grade  ores  the  metallic  contents 
are  raised  by  mechanical  concentration  or  roasting,  or  both,  before  entering 
the  furnace. 

Lead.  —  In  southeastern  Missouri  lead  ores  are  profitably  mined  when 


340  ECONOMIC  GEOLOGY 

oarrying  as  little  as  5  to  10  per  oent  metal,  but  the  concentration  raises  the 
percentage  up  to  65  or  70  per  cent. 

Zinc  ores  on  entering  furnace  shoiild  have  a  minimum  of  25  to  30  per 
cent  zinc,  but  the  contents  are  sometimes  raised  to  60  or  more  per  oent  by 
concentration. 

Gold  and  Silver.  —  The  metallic  contents  of  these  ores  are  expressed, 
not  in  percentages,  but  in  troy  ounces  per  ton,  a  troy  ounce  in  a  ton  being 
jhi  per  cent.  The  market  value  of  silver  is,  in  round  numbers,  50-60  cents 
per  ounce,  while  gold  in  round  numbers  is  figured  at  $20  per  ounce. 

Silver  rarely  occurs  alone,  and  the  ore  may  be  treated  primarily  for  its 
associated  lead  and  copper. 

In  the  base  ores  there  should  be  enough  silver  to  yield  a  minimum  of  $5 
or  10  ounces  in  the  resulting  ton  of  copper,  to  make  its  extraction  profitable. 
If  now  in  a  5  per  cent  copper  ore  20  tons  of  ore  are  concentrated  to  1  ton 
of  pig  copper  (or  21  tons,  allowing  for  losses),  it  follows  that  we  need  10 
ounces  of  silver,  in  21  tons  of  ore,  or  a  minimum  or  i  ounce  silver  per  ton, 
or  jiv  per  cent. 

Under  favorable  conditions  gold  can  be  extracted  down  to  ^  ounce  per 
ton  or  7^  per  cent.     It  usually  runs  from  ^  to  1  ounce. 

In  some  copper  or  lead  ores  the  saving  of  even  ^  ounce  gold  may  be  an 
object.  In  gravels,  a  gold  content  of  as  low  as  7  to  10  cents  per  cubic 
yard  (^ijj  to  j^r  ounce)  may  be  saved. 

Tin,  —  For  this  metal  the  crude  ore  conmionly  ranges  from  1.5  to  3 
per  cent,  but  by  concentration  it  can  be  raised  to  70  per  cent. 

Nickel  should  reach  2  to  5  per  cent  in  the  crude  ore. 

Platinum.  —  Owing  to  the  scarcity  of  this  metal,  few  figures  are  avail- 
able, but  in  Russia  placers  are  worked  which  carry  ^  ounce  per  cubic 
yard,  which  is  the  equivalent  of  ^  ounce  per  ton  or  5.5  hundred-thou- 
sandths per  cent. 

Manganese  ore  must  yield  50  per  cent  manganese  to  be  marketable, 
although  if  iron  is  present  it  may  drop  to  40  per  cent. 

Chromium  ore  should  carry  40  per  cent  of  the  metal. 

Classification  of  Ore  Deposits.  —  Many  attempts  have  been 
made  to  develop  a  suitable  classification  of  ore  deposits,  and  many 
schemes  have  been  suggested  (46).  These  are  usually  based  either 
on  form,  mineral  contents,  or  mode  of  origin.  The  first  is  perhaps 
the  most  practical  from  the  miner's  standpoint,  the  second  is  un- 
desirable because  several  kinds  of  ore  may  often  be  found  in  the 
same  ore  body,  while  the  third  is  the  most  scientific,  and  is  of 
value  to  the  mining  geologist  and  engineer. 

Those  desiring  to  look  into  this  phase  of  the  subject  in  more 
detail  are  referred  to  the  bibliography  at  the  end  of  this  chapter, 
especially  the  papers  by  Kemp  (46),  Posepny  (68),  Van  Hise  (2), 
and  Vogt  (13). 

Only  one  classification  is  given  here,  viz.  that  of  W.  H.  Weed, 
not  because  it  is  considered  entirely  satisfactory  or  especially 
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simple,  but  because  it  embodies  the  results  of  the  more  modem 
studies  of  ore  deposits  and  their  genetic  character. 

Classification  of  Orb  Deposits  (aftbb  Wbbd) 

A.  Igneous,  magmatic  segregation. 
(a)  Siliceous. 

1.  Masses,  Aplitio  masses.     Ehrenberg,  Shartash. 

2.  Dikes,  Beresite  or  Aplite.     Berezovsk. 

3.  Quartz  veins.    Alaska,  Randsburg,  Black  Hills. 
(6)  Basic. 

1.  Peripheral  masses.     Copper,  iron,  nickel.     (Sudbury,  Ont.) 

2.  Dikes,  titaniferous  iron.     Adirondaoks,  Wyoming. 

B.  Igneous   emanations.     Deposits    formed    by   gases    above   or  near 

the  critical  point,  e.g,  365^  C.  and  200  atmospheres  for  H|0. 
(a)  Contact-metamorphio  deposits. 

1.  Deposits  confined  to  contact.     Magnetite  deposits  (Hanover, 

N.  Mex.),  chalcop3n-ite  deposits,  Kristiania  type,  gold  ores, 
Bannock,  Ido.;  type. 

2.  Deposits   impregnating  and  replacing  beds  of   contact   zone. 

Chalcop3n-ite  deposits,  pyrrhotite  ores,  magnetite  ores,  Can- 
anea   type,  gold  tellurium  ores,  Elkhom  type,  arsenopyrite 
ores,  Similkameen  type. 
(6)  Veins  closely  allied  to  magmatic  veins  and  to  Division  D. 

1.  Cassiterite.     Cornwall. 

2.  Tourmaline  copper.     Sonora. 

3.  Tourmaline  gold.     Helena,  Mont.,  Minas  Oeraes,  etc. 

4.  Augite  copper,  etc.     Tuscany. 

C.  Fumarolic  deposits. 

(a)  Metallic  oxides,  etc.,  in  clefts  in  lava.    No  commercial  impor- 
tance.    Copper,  iron,  etc. 

D.  Ga&^iqueous   or  pneumato-hydato-genetic  deposits,  igneous  emana- 

tions, or  primitive  water  mingled  with  ground  water, 
(a)  Filling  deposits. 

1.  Fissure  veins. 

2.  Impregnation  of  porous  rock. 

3.  Cementation  deposits  of  breccia. 
(6)  Replacement  deposits. 

1.  Propylitic.     Comstock. 

2.  Sericitic  kaolinio,  calcitic,  Copper  silver.  Silver  lead.     Claua- 

thal.     De  Lamar,  Ido. 

3.  Silicic  dolomitic,  silver  lead.  Aspen. 

4.  Silicic  calcitic.     Cinnabar,  California. 

6.  Sideritic  silver  lead.     Coeur  d'Alene,  Slocan,  Wood  River. 

6.  Biotitic  gold  copper.     Rossland,  Brit.  Col. 

7.  Fluoric  gold  tellurium.     Cripple  Creek,  Colo. 

8.  Zeolitic.     Michigan  copper  ores. 
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Structure  Types  of  Above 

Fissure  veins.     (San  Juan,  Colo.)    . 
Volcanic  stocks,  Nagyag.     Cripple  Creek. 
Contact  chimneys.     Judith. 
Dike  replacements  and  impregnations. 
Bedding  or  contact  planes.     Mercur. 

Axes  of  folds,   synclinal  basins,   anticlinal  saddles.     Bendigo, 
Elkhorn. 

E.  Meteoric  waters.     (Surface  derived.) 
(a)  Underground. 

1.  Veins.     (Wisconsin  lead  and  zinc.) 

2.  Replacements.     Iron  ores,  Michigan ;  lead,  zinc. 

3.  Residual.      Gossan  iron  ores,  manganese  deposits.      (Virginia.) 
4  (6)  Surficial. 

1.  Chemical.     Bog  iron  ores,  sinters.     Some  bedded  iron  ores,  etc. 

(Clinton  ore.) 

2.  Mechanical.     Gold  and  tin  placers. 

F.  Metamorphic   deposits.     Ores    concentrated    from    older    rocks    by 

metamorphism,  dynamo  or  regional. 

Metallogenetic  epochs.  —  The  term  metallogenetic  epoch  refers 
to  a  period  of  time  during  which  a  deposition  of  metals  was  taking 
place,  and  usually  accompanied  or  inmiediately  followed  periods 
of  igneous  activity.  This  process  has  been  active,  during  a  number 
of  periods  in  the  past,  as  shown  by  the  geologic  records,  and  the 
available  data  for  North  America  have  recently  been  well  sum- 
marized by  Lindgren  (62). 

Pre-Cambrian  Period.  —  The  pre-Cambrian  rocks,  which  under- 
lie a  number  of  extensive  areas  in  the  United  States,  include  not 
only  metamorphosed  schists  and  gneisses,  but  also  various  types 
of  intrusives,  the  characteristic  metals  being  iron,  copper,  nickel, 
gold,  and  silver.  Lead  and  zinc  are  less  abundant  than  they  are 
in  the  later  periods,  while  quicksilver  and  antimony  are  rare. 

The  ilmenites  and  magnetites  of  the  eastern  states  are  chiefly 
of  igneous  origin,  while  the  hematites  of  Lake  Superior  are  partly 
igneous  and  partly  sedimentary,  but  subsequently  oxidized  and 
concentrated  by  surface  waters,  a  process  which  is  believed  to  have 
gone  on  in  pre-Cambrian  times.  The  copper  and  nickel  ores  are 
associated  with  basic  igneous  rocks,  some  of  these,  as  in  Michigan, 
being  of  effusive  nature.  This  copper  concentration  Lindgren 
suggests  must  have  gone  on  in  pre-Cambrian  times,  following  the 
close  of  Keeweenawan  (Algonkian)  volcanic  activity.  Of  similar 
age  are  the  cobalt-silver  veins  of  Ontario.  The  auriferous-quartz 
veins  of  the  southern  states,  whose  deposition  followed  that  of 
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granitic  intrusions  in  schists,  are  also  to  be  placed  here,  although 
some  writers  would  date  them  later. 

In  the  Cordilleran  region  the  pre-Cambrian  was  productive  of 
gold  and  copper  deposits,  which  are  found  at  many  points  from 
South  Dakota  and  Wyoming  to  Arizona.  These  gold  ores  are 
usually  lenticular  quartz  veins  in  schists,  associated  with  such 
gangue  minerals  as  tourmaline,  garnet,  etc.  The  copper  ores  often 
contain  chalcopyrite,  and  form  veins  or  irregular  masses,  which 
are  probably  of  magmatic  origin,  and  have  been  modified  by 
dynamo-metamorphism.  Sphalerite  may  accompany  the  chal- 
copyrite, but  lead  is  almost  entirely  wanting,  j 

Paleozoic.  —  During  this  time  a  number  of  granitic  intrusions 
occurred  from  New  York  and  New  England  northward  to  Quebec 
and  Nova  Scotia,  and  these  were  accompanied  by  the  formation 
of  some  gold-quartz  veins;  but  little  metallization  occurred  in  the 
West  during  this  period. 

Two  periods  of  iron-ore  formation  occurred  during  Paleozoic 
time  in  the  East.  One  of  these  was  in  the  Silurian,  when  the  per- 
sistent beds  of  low-grade  Clinton  hematite  were  formed;  the  other 
was  during  the  Carboniferous,  when  the  layers  of  carbonate  black- 
band  ores  were  deposited. 

Mesozoic,  —  During  the  Triassic,  small  deposits  of  copper  and 
iron  ores  were  formed  in  the  eastern  states,  along  the  contact  of  the 
trap  sheets  and  sedimentary  rocks.  The  deposits  were  in  part 
veins  and  in  part  of  contact-metamorphic  character. 

In  the  West  important  accumulations  of  ores  were  beginning, 
for  during  the  Triassic  there  began  a  series  of  eruptions  which 
continued  through  the  Jurassic,  the  products  of  these  being  basic 
lavas  which  were  extruded  from  California  to  Alaska.  The  metal- 
lization accompanying  or  following  these  yielded  copper  deposits, 
which  include  some  of  those  found  in  California,  British  Columbia, 
and  those  of  the  Copper  River  region  in  Alaska. 

Another  important  metallization  epoch  followed  the  intrusion 
of  the  great  early  Cretaceous  quartz-monzonite  or  grano-diorite 
batholiths  of  the  Pacific  coast. 

These  injections  were  of  vast  extent,  one  batholith  extending 
through  California,  and  another  from  Washington  up  through 
British  Columbia  to  Alaska,  while  other  smaller  masses  occur  in 
several  of  the  western  states.  These  intrusions  were  followed  by 
intense  metallization,  mineral  deposits  being  formed  in  abundance 
around  the  margin  of  the  batholiths,  as  in  the  gold  belt  of  Cali- 
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fornia.  Gold  was  the  chief  metal  formed,  with  copper  next.  Along 
the  Pacific  coast,  where  there  is  little  limestone  in  the  intruded 
sediments,  lead  is  rarely  found,  but  in  the  interior  (Nevada  and 
Idaho)  where  limestones  were  present,  lead  and  zinc  both  occur. 
Silver  is  everywhere  present,  but  is  rarely  important  unless  asso- 
ciated with  lead;  arsenic  and  antimony  are  rare;  and  mercury  is 
wanting  in  commercial  quantities. 

Early  Tertiary.  —  About  this  time,  perhaps  a  little  earlier,  or 
a  little  later,  important  concentrations  of  lead  and  zinc  took  place 
in  the  Mississippi  Valley,  but  they  appear  to  have  been  independ- 
ent of  igneous  intrusions,  and  are  thought  by  most  geologists  to 
represent  the  work  of  surface  waters,  the  ultimate  source  of  the 
metals  being  the  pre-Cambrian  rocks.  This  is  questioned  by 
Lindgren,  who  points  out  the  scarcity  of  the  lead  and  zinc  in  the 
rocks  of  that  age,  and  also  that  there  are  transitional  types  between 
the  normal  ore  deposits  and  certain  lead-zinc  deposits  in  Arkansas 
and  Kentucky  which  resemble  western  vein  types  formed  by  hot 
waters. 

At  the  close  of  the  Cretaceous  violent  outbursts  began  along 
the  eastern  margin  of  the  Cordilleran  region,  the  magmas  being 
of  intermediate  character  and  laccolithic  form.  They  occur  from 
British  Columbia  through  Montana,  Colorado,  New  Mexico,  and 
eastern  Arizona  down  into  Mexico. 

There  ensued  then  another  or  third  epoch  of  Cordilleran  metal- 
lization, during  which  many  contact-metamorphic  deposits  and 
veins  were  formed  around  the  margins  of  the  laccoUths.  Gold  and 
silver  are  the  characteristic  metals,  with  abundant  lead  and  zinc, 
especially  where  the  intrusions  cut  limestones.  The  latter  may  also 
show  copper  and  iron  along  the  contact.  Arsenic  and  antimony 
are  more  common  than  they  were  in  the  earlier  epochs,  but  mercury 
is  still  rare. 

Late  Tertiary.  —  After  a  period  of  mountain-making  disturbances, 
uplift,  warping,  and  dislocations,  there  were  extruded  a  series  of 
lava  flows  which  spread  over  a  large  area  in  the  far  West,  and  are 
prominent  in  California,  Washington,  Oregon,  Idaho,  Colorado, 
Utah,  Nevada,  New  Mexico,  and  Arizona.  Andesites  and  rhyo- 
lites  predominate.  This  was  accompanied  by  a  fifth  metallization, 
whose  characteristic  metals  are  gold  and  silver,  forming  deposits 
often  of  great  richness ;  lead  and  zinc  are  not  abundant,  except 
in  limestone,  and  neither  is  copper.  Tellurium  and  antimony  are; 
not  that  they  are  absent  in  older  metallizations,  but  the  tellurium 
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seems  to  be  especially  characteristic  of  this  epoch.  The  metallic 
deposits  seem  to  be  somewhat  restricted,  occurring  mainly  near 
the  foci  of  igneous  activity. 

PosUPliocene.  —  There  came  finally  an  epoch  of  metallization 
at  a  late  date,  restricted,  however,  to  the  Pacific  coast  line,  and 
characterized  by  the  mercury  deposits  of  the  Pacific  coast  belt. 

Cretaceous  or  Later  Copper  Epochs.  —  These,  being  of  wide  time 
range,  cannot  be  included  in  the  previous  classes.  They  represent 
disseminations  of  copper  in  sandstone  shales  or  conglomerates, 
and  carry  in  most  cases  primary  chalcocite  with  a  little  silver. 

Summary.  —  The  following  table  of  Lindgipen's  summarizes  the 
conditions  for  the  western  states :  — 


1.  Deposits  of  the  pre-Cam- 

brian  period    .... 

2.  Deposits     of     the     early 

Mesozoio  epoch  .     .     . 

3.  Deposits  of  the  late  Meso- 

zoio epoch       .... 

4.  Deposits  of  the  early  Ter^ 

tiary  epoch     .... 

5.  Deposits  of  the  late  Ter- 

tiary epoch     .... 

6.  Deposits    of    the    Post- 

Pliocene  epoch     .     .     . 

7.  Cretaceous  or  later  con- 

centrations in  sedimen- 
tary rocks  


Principal 
Met  ALB 


Gold  and  copper  .     . 
Copper       .     .     .     . 

Gold 

Gold,  silver     .     .     . 
Copper,  lead,  zinc   . 

Qoldf  silver     .     .     . 
Quicksilver     .     .     . 

Copper 


Principal  Rocks 

ASSOCIATED   WrTH 

Deposits 


Granites 
Diorites,  gabbro 

Basalt,  diabase 
Gabbro 


■ 


f  Granodiorite 


.  Quartz-monzonite 

Granodiorite 
Quartz-monzonite 
.  Monzonite 

'  Andesite 
,  Rhyolite 

Basalt 

Sandstone,  shale . 
,  Conglomerate 
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CHAPTER   XV 

IRON   ORES 

Iron  is  an  abundant  constituent  of  the  earth's  crust,  and  yet  few 
minerals  are  capable  of  serving  as  ores  of  this  metal,  because  they 
do  not  contain  it  in  the  right  combination  or  in  sufficient  quantity 
to  make  its  extraction  possible  or  profitable. 

The  iron  ores  having  the  greatest  commercial  value  at  the  present 
day  are  usually  those  which  are  favorably  located,  of  high  quality, 
in  considerable  quantity,  and  possessing  a  structure  such  as  to  render 
their  extraction  easy.  These  four  requirements  have  been  met  to 
such  an  eminent  degree  by  the  deposits  located  in  the  Lake  Superior 
district  that  they  now  form  the  main  source  of  supply  for  furnaces 
in  the  eastern  and  central  states,  and  many  of  the  iron  mines  in 
the  eastern  part  of  the  United  States  have  found  it  difficult  to  com- 
pete with  them,  although  it  is  true  that  a  number  of  deposits  are 
worked  to  supply  local  demand,  owing  to  their  proximity  to  furnace, 
flux,  and  coal,  or  because  they  possess  certain  desirable  character- 
istics. 

Iron-ore  Minerals.  —  The  ore  minerals  of  iron,  together  with 
their  composition  and  theoretic  percentage  of  metallic  iron,  are: — 

Maqnetite.    Magnetic  iron  ore,  Fe»04 72.4% 

Hematite.       Specular  iron  ore,  red  hematite,  fossil  ore,  Clinton 

ore,  FeaO, 70% 

LiMONiTE.*       Brown  hematite,  bog  iron  ore,  ochre,  brown  ore 

2Fe20,,  3H2O 59.89% 

SiDERiTE.         Spathic  ore,  blackband,  clay-iron  stone,  kidney 

ore,  FeCOg 48.27% 

Of  subordinate  value: —  • 

Pyrite.             FeS, 46.6% 

Fanklinite.     (Fe,  Zn,  Mn)0,  (Fe,  Mn)208    ....  ±44.1% 

Pyrrhotite.     Chiefly  Fen  Sia ±61.6% 

Magnetite  is  black,  often  granular,  and  may  run  high  in  titanium, 
especially  in  those  occurrences  found  in  basic  igneous  rocks.     Hematite 

*  The  group  name  *'hrovm  ore*'  is  sometimes  used  to  include  several  hydrous 
oxides,  such  as  limonite,  turgite,  and  gothite. 
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is  red  to  brownish  red,  steel-gray,  or  even  black.  It  is  commonly  fine- 
grained, but  the  specular  varieties  may  be  quite  coarse.  It  ranges  from 
massive  to  powdery,  and  has  a  specific  gravity  of  5.2.  limonite  is  never 
crystalline,  and  varies  widely  in  appearance;  some  forms  are  powdery, 
others  massive,  and  these  may  be  porous,  vesicular,  stalactitic,  or  even, 
though  rarely,  solid.  The  specific  gravity  is  3.8.  The  color  is  brown  to 
brownish  yellow  on  the  fracture,  but  may  be  black  and  shining  on  the 
natural  surface.  Gothite  (FejOa,  H2O)  and  other  hydrous  oxides  with 
less  water  than  limonite  are  sometimes  associated  with  it.  Siderite, 
when  occurring  in  commercial  quantities,  is  rarely  in  cleavable  form,  but 
occurs  as  a  fine-grained  rock,  with  impurities.  Hematite  is  by  far  the  most 
valuable  of  the  iron-ore  minerals,  chiefly  on  account  of  its  easier  reduction, 
but  also  because  of  the  greater  richness  of  the  known  important  deposits. 

The  deficiency  in  iron  contents  shown  by  many  ores  is  due  to  the 
presence  of  common  rock-forming  minerals  in  the  gangiie,  the  im- 
purities which  they  supply  being  alumina,  lime,  magnesia,  silica, 
titanium,  arsenic,  copper,  phosphorus,  and  sulphur.  The  efifect  of 
the  lafit  six  is  in  general  to  weaken  the  iron. 

Silica  is  objectionable  because  it  displaces  iron,  and  because  just  so  much 
lime  is  required  to  fiux  it,  but  some  furnaces  turn  out  iron  for  foundry  pur- 
poses containing  10  or  more  per  cent.  Ores  carrying  as  high  as  40  per  cent 
SiOs  are  used  in  small  quantities.  Lime  in  small  amounts  does  no  harm, 
but  in  large  quantities  needs  to  be  fiuxed  off.  It  is  not  present  in  any 
quantity  in  limonite,  but  may  run  high  in  the  Clinton  ores.  Alumina 
may  run  somewhat  high  in  limonites,  because  of  admixed  clay.  Pyrite  is 
the  common  source  of  the  sulphur,  but  in  some  limonites  it  may  come 
from  gypsum  or  barite.  Titanium,  a  common  but  injurious  ingredient, 
is  found  in  many  magnetite  deposits  (see  Titaniferous  magnetites,  also 
refs.  28,  30)  and  up  to  the  present  time  has  rendered  them  practically 
useless,  not  because  it  interferes  with  the  quality  of  the  iron,  but  because 
it  makes  the  ore  highly  refractory,  and  drives  much  of  the  iron  into  the  slag. 
Experiments  have  been  taken  looking  towards  the  utilization  of  these 
titaniferous  magnetites  for  the  manufacture  of  ferrotitanium.  Manganese, 
when  present,  is  found  mostly  in  the  limonite  ores,  and  for  certain  purposes 
is .  desirable.  It  is  also  prominent  in  some  6f  the  Lake  Superior  ores. 
Apatite  yields  the  phosphorus.  As  this  cannot  be  eliminated  in  either 
the  blast  furnace  or  the  acid  converter  used  in  making  Bessemer  steel,  and 
as  the  allowable  limit  of  phosphorus  in  pig  iron  used  for  this  purpose  is 
^  per  cent,  a  distinction  is  usually  made  between  Bessemer  and  non- 
Bessemer  ores,  the  maximum  amount  of  phosphorus  permissible  in  iron 
ore  to  be  used  for  this  purpose  being  j^^  of  the  percentage  of  metallic  iron 
contents  of  the  ore.  The  phosphorus  contents  of  many  high-grade  ores 
falls  considerably  below  the  allowable  limit. 

Classification.  —  The  iron-ore  deposits  found  in  the  United  States 
have  originated  in  a  number  of  different  ways,  but  the  chief  types 
may   be   grouped   as   follows:  1.  Magmatic   segregation   deposits 
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(Lake  Sanford,  New  York,  etc.).  2.  Contact-metamorphic  deposits 
(Iron  Springs,  Utah;  Hanover,  New  Mexico).  3.  Sedimentary 
ores  (Clinton  hematite,  bog  ores,  etc.).  4.  Ores  concentrated  by 
meteoric  waters,  and  deposited  as  replacements  (some  Lake  Superior 
hematites,  Oriskany  limonites),  or  in  residual  materials  (Virginia 
Cambro-Silurian  limonites).  5.  Lenticular  masses  in  metamorphic 
rocks,  of  variable  origin  (some  magnetite  and  pyrite  deposits). 
6.  Gossan  ores  (limonite  capping  of  many  sulphide  ore  bodies). 

Iron-ore  bodies  may  show  a  variety  of  form,  but  many  of  the 
important  deposits  known  in  this  country  are  lens-  or  basin-shaped 
in  outline.    Irregular  masses  and  beds  are  not  uncommon. 

The  iron  ores  found  in  the  United  States  are  widely  distributed 
and  their  age  ranges  from  pre-Cambrian  to  Recent.  The  occurrences 
of  the  dififerent  kinds  of  ore  are  best  discussed  separately,  and  for 
practical  as  well  as  other  purposes  a  mineralogic  and  geographic 
grouping  seems  better  than  a  genetic  one. 

MAGNETITE 

Magnetite  occurs  in  the  United  States  (Fig.  123)  (1)  as  lenticular 
masses  commonly  in  metamorphic  rocks ;  (2)  as  more  or  less  lens- 
shaped  and  tabular  bodies  in  igneous  rocks ;  (3)  as  sands  on  the 
shores  of  lakes  and  seas;   (4)   as  contact-metamorphic  deposits; 


Fig.  123.  —  Map  showing  distribution  of  hematite  and  magnetite  deposits  in  the 
United  States.     {After  Harder,  U,  S.  Gcol.  Surv.,  Min.  Res,,  1907.) 
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(5)  as  replacements  in  limestone,  not  of  contact-metamorphic  char- 
acter ;   (6)  as  veins,  and  (7)  in  residual  clays. 

The  first  class  includes  the  most  important  deposits  now  worked 
in  this  country.  The  second  and  third  groups  run  too  high  in  tita- 
nium to  have  any  commercial  value  at  the  present  time,  but  the 
second  may  become  of  importance  in  the  future,  and  moreover 
some  of  its  representatives  are  of  large  size.  Examples  of  the  fourth 
class  are  known  at  a  number  of  points  in  the  West,  and  while  few 
of  them  are  worked,  they  may  some  day  become  of  great  importance. 
They  carry  hematite  in  addition  to  magnetite.  The  fifth,  sixth,  and 
seventh  groups  are  unimportant. 

Distribution  of  Magnetites  in  the  United  States  (Fig.  123).  Non- 
Titaniferous  Magnetites,  —  These  are  usually  found  in  the  form  of 
lenticular  deposits  in  metamorphic  rocks.  The  most  important 
series  of  occurrences  lies  in  the  crystalline  belt  of  rocks  extending 
from  New  York  into  Alabama,  deposits  being  known  in  New  York, 
New  Jersey,  Pennsylvania,  Virginia,  and  North  Carolina. 

The  lenses,  which  are  interbedded  with  gneisses  of  either  acid  or 
basic  character  and  often  conform  with  the  latter  in  dip  and  strike, 
are  of  variable  size,  and  may  occur  either  singly  or  in  series,  the  ore 
body  commonly  showing  pinching  and  swelling,  or  even  faulting. 
Well-defined  boundaries  are  sometimes  wanting.  Feldspar,  horn- 
blende, and  quartz  are  common  gangue^  minerals,  while  apatite  is 
prominent  in  some.  Although  the  ore  as  mined  is  frequently  of 
sufficient  purity  to  be  shipped  direct  to  the  blast  furnace,  in  some 
instances  it  is  so  lean  as  to  require  concentration  by  magnetic 
methods.    A  description  of  one  or  two  occurrences  will  serve  as  types : 

Adirondack  Region^  New  York  (27,  30)  —  The  rocks  of  the  Adiron- 
dack region  (Fig.  124)  are  almast  exclusively  of  pre-Cambrian  age, 
with  occasional  inliers  of  the  bordering  Paleozoic  strata,  whose  basal 
member,  the  Potsdam  sandstone,  rests  unconformably  on  the  older 
crystallines.  The  latter  have  in  most  cases  been  subjected  to  power- 
ful compression,  and  sometimes  greatly  changed  by  metamorphism, 
in  fact  so  much  so  that  their  original  character  is  determinable  with 
difficulty. 

The  following  members  are  recognized,  beginning  with  the  oldest: 

I.  Metamorphic  rocks,  —  1.  Sedimentauj  or  Grermlle  Series.  These 
consist  of  Umestones  and  dolomites,  often  impregnated  with  pyrite, 
graphite,  and  silicates,  and  by  an  increase  in  the  latter  may  pass 
into  schists.  Both  rock  types  occur  in  long  narrow  belts,  bounded 
by  sedimentary  gneisses.     2.  Gneisses  of  acid  to  basic  character,  often 
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sbowii^  garnet,  Billimanite,  graphite,  cyanite,  pyrite,  etc.  3.  Xm- 
pkibolitea,  composed  mainly  of  hornblende  or  feldspar,  and  which 
may  be  metamorphosed  dikes  or  m^n^ian  shale.  4.  Quaiizites  of 
infrequent  occurrence.     5.  Gneisses  of  doubtful  relationships. 

II.  Igne&usrocks.  —  These  include :  (1)  anorthosite  (the  earliest), 
gabbro,  syenite,  and  granite,  all  connected  by  intermediate  rock 
types  and  probably  representii^  derivations  from  the  same  magma. 
(2)  Dikes,  mostly  diabases. 


Ores.  —  The  non-titaniferous  magnetites  are  the  most  widespread 
of  the  Adirondack  ores,  and  occur  on  both  the  eastern  and  western 
side  of  the  mounts ns. 

The  ores  vary  from  impure  lean  varieties,  nonsisting  of  magnetite 
mixed  with  the  country-rock  minerals  (i.e.  quartz,  feldspar,  pyrox- 
ene, hornblende,  etc.),  to  pure  magnetite.  The  richest  ore  averages 
60  to  70  per  cent  iron,  and  comes  chiefly  from  MineviUe,  while  those 
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ores  carrying  under  50  per  cent  have  to  be  concentrated.  The  phos- 
phorus content  is  variable,  but  seems  to  be  lower  in  the  leaner  ones, 
while  in  the  non-Bessemer  ores  it  may  reach  2  per  cent.  The  amount 
of  sulphur  is  also  changeable,  but  is  highest  in  those  ore  bodies  found 
in  the  Grenville  gneiss. 

While  the  ore  bodies  are  variable  in  shape  they  show  in  general  a 
somewhat  lenticular  cross  section,  with  the  tabulation  extending  par- 
allel with  the  strike;  but  regularity  is  more  common  on  the  north 


Fia.  125.  —  Map  of  MiDeville.  N.  Y.,  iron-ore  district,     (ASttr  QraTibem.  Eng.  and 
Min.  Jour.,  LXXXl.) 

and  west  sides  of  the  province,  for  in  the  eastern  districts  there  is 
the  greatest  irregularity  due  to  a  complexity  of  pinches,  swells,  and 
compressed  folds.  The  wall  rocks  include  gneisses  of  granitic,  syen- 
itic,  and  dioritic  composition,  as  well  as  schists  and  occasionally 
limestones. 

MineviUe,  New  York.  —  The  ore  bodies  at  this  locality  are  the 
largest  and  most  productive  in  New  York  State  at  the  present  time. 

They  are  of  lenticular  character,  but  in  some  cases  the  lenses  axe  so 


Plate   XXXI 


'iG.  I.  —  View  of  open  cut  in  tnagnctite  depomt,  Mineville,  N.  Y.  The  piUara  i 
left  to  support  the  gneisa  haoKJug  wail.  (After  WiUierbee,  Iron  Age,  Dec. 
1903.} 
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flat  and  of  such  extent  as  to  be  commonly  spoken  of  as  beds;  more- 
over, some  of  them  have  been  bent  over  into  a  southwesterly  pitch- 
ing fold,  whose  crest  has  been  stretched  and  pinched,  while  faulting 
at  the  northern  end  of  this  has  complicated  the  structure. 

The  ores  occur  as  integral  members  of  the  syenite  series,  and  are 
in  the  form  of  layers  conformable  to  the  banding  or  foliation  of  the 
inclosing  rocks. 

There  are  at  least  three  large  ore  bodies  (Fig.  126),  viz.: — 

1.  The  Barton  Hill  ore  body,  forming  a  practically  continous  bed, 
whose  outcrop  is  approximately  3500  feet  long  in  a  direction  a  little 
east  of  north. 

2.  The  Harmony  bed,  lying  to  the  southwestward  of  Barton  Hill, 
and  striking  northwest,  with  a  rather  flat  southwest  dip.  It  is  10  to 
20  feet  thick  and  cut  by  several  narrow  trap  dikes  which  occupy 
fault  planes  of  10  to  50  feet  displacement. 

3.  A  large  ore  body  which  appears  to  be  made  up  of  three  principal 
and  separated  parts,  known  as  the  Miller,  the  Old  Bed  or  Mine  23, 
and  the  "  2r'-Bonanza-Joker.  This  is  the  chief  source  of  the  ore. 
There  is  some  doubt  whether  there  is  any  connection  between  the 
Joker  and  the  Harmony.  This  Old  Bed  group  extends  in  a  prac- 
tically unbroken  stretch  for  about  a  half  mile,  exhibiting  at  the  same 
time  a  most  complex  fold,  referred  to  above. 

The  ores  are  granular  masses  of  magnetite  which  in  the  Barton 
Hill  group  were  prevailingly  of  Bessemer  grade,  but  which  in  the  Old 
Bed  series  are  high  in  phosphorus. 

The  lean  ores  are  mixed  with  the  minerals  of  the  wall  rocks,  and 
among  these  the  basic  syenite  is  the  chief  one. 

At  Lyon  Mountain  (30)  the  ore  is  a  lean  mag^netite  traceable  for  6  miles 
and  from  20  to  200  feet  wide,  and  occurs  in  a  rock  intermediate  between 
g^ranite  and  syenite.  Most  of  the  ore  is  low  in  phosphorus,  the  concen- 
trates carrying  about  .008  per  cent  and  65  per  cent  Fe. 

New  Jersey.  —  In  northern  New  Jersey,  the  magnetite  deposits  form 
layers  or  bands  in  the  Franklin  (pre-Cambrian)  limestone,  or  as  flat  lenses 
in  the  associated  gneisses. 

The  ore  according  to  Bayley  (24a)  consists  mainly  of  magnetite,  horn- 
blende, pyroxene,  and  apatite,  sometimes  intimately  mixed.  Pyrite  and 
quartz  are  not  uncommon,  and  all  the  associated  minerals  occur  in  the 
country  gneiss. 

The  ore  bodies,  which  are  lens-shaped,  lie  with  their  longer  axes  conform- 
ing to  the  foliation  of  the  gneisses,  and  the  ore  usually  grades  into  the 
gneiss,  although  sharp  boundaries  are  in  some  cases  known.  Several 
lenses  may  overlie  each  other,  and  then  the  intervening  rock  may  be  either 
gneiss,  pegmatite  full  of  magnetite,  or  coarse-grained   homblendic  rock, 
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with  ore  veinlets  paralleling  the  foliation  of  the   gneiss.     This  series  of 
magnetites  extends  northeastward  into  the  Highland  region  of  New  York. 
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Fig.  126.  —  Sections  of  the  Old,  "  21  "-Bonanza-Joker  ore  beds,  Mineville,  N.Y. 

(After  Granbery,  Eng.  and  Min.  Jour.,  LXXXI.) 

Origin  of  Magnetites,  —  The  origin  of  the  magnetites  found  in  the 
gneisses  has  formed  a  most  puzzling  problem  to  geologists,  whose 
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correct  solution  depends  in  part  at  least  on  the  correct  interpretation 
of  the  origin  of  the  inclosing  rocks. 

If  the  gneisses  are  of  sedimentary  origin,  then  it  is  possible  that  the 
ores  may  represent  metamorphosed  deposits  of  magnetite  sands, 
limonites,  or  siderite,  and  the  parallelism  of  the  ore  bodies  with  the 
foliation  of  the  gneisses  might  be  regarded  by  some  as  evidence  in 
favor  of  such  a  view. 

But  even  if  the  gneisses  were  of  sedimentary  origin,  it  might  still 
be  possible  that  the  ores  were  of  later  introduction,  as  has  been 
suggested  by  some.  Thus  Keith  held  the  view  that  the  North  Caro- 
lina magnetites  were  replacement  deposits  (26),  while  Kemp  for- 
merly advanced  the  theory  that  the  ore  bodies  at  Mineville  (27)  have 
been  formed  by  iron-bearing  magmatic  waters,  which  were  given 
oflf  from  the  neighboring  gabbros  and  penetrated  the  gneisses  while 
the  latter  were  probably  still  at  great  depths,  and  before  their 
metamorphism  was  complete.  The  presence  of  apatite  and  fluorite 
was  thought  to  show  that  mineralizing  vapors  also  played  a  part. 
A  similar  origin  was  su^ested  by  Spencer  for  the  New  Jersey  mag- 
netites (34). 

Recent  studies  by  Kemp  and  Newland  in  the  Adirondacks  (30) 
seem,  however,  to  indicate  that  the  acid  gneisses  are  probably  of 
igneous  origin,  and  that  the  magnetites  themselves  are  products 
of  magmatic  differentiation.  That  there  is  no  obstacle  to  this 
theory  is  shown  by  Newland,  who  points  out  that  the  acid  igneous 
rocks  of  that  region  contain  a  large  excess  of  iron  over  the  amounts 
combined  with  the  lime  and  magnesia  to  form  siUcates.  The  pe- 
culiar  form  of  some  of  the  ore  bodies  is  likewise  perhaps  only 
explainable  by  this  theory.  A  fact  not  to  be  overlooked,  however, 
is  the  occurrence  of  fluorite,  apatite,  hornblende,  etc.,  intercrystal- 
lized  with  magnetite,  or  the  frequent  association  of  the  latter  with 
pegmatite  or  vein  quartz,  a  group  of  conditions  which  are  sugges- 
tive of  mineralizing  agents,  and  their  deposition  by  pneumatolytic 
or  aqueous  action. 

Cornwall,  Pennsylvania  (35).  —  A  somewhat  unique  deposit  occurs  at 
Cornwall,  Lebanon  County,  Pennsylvania,  and  at  several  other  localities 
in  southern  Pennsylvania.  The  ores  are  found  along  the  contact  of  Triassic 
diabase,  with  Cambro-Ordovician  limestones  or  more  rarely  Triassic 
shales,  and  consists  mainly  of  magnetite,  but  carries  sufficient  pjrrite 
to  require  roasting,  and  occasionally  a  little  specular  hematite.  The  ore 
forms  large  and  small  masses  of  irregular  shape,  lying  either  within  the 
sediments  or  along  the  contact,  and  while  it  appears  to  be  a  true  contact 
deposit,  the  contact  silicates  are  not  prominent.     The  ore  averages  about 
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45  per  cent  iron,  is  low  in  phosphorus,  but  high  in  sulphur,  silica,  lime.  Bad 
magnesia.     It  also  carries  some  copper. 


itiHtnehyu     ISO'-JOCr' 


Other  Occurrences  (12).  —  Small  deposits  of  magnetite  are  found  ID  the 
limestones  of  the  Shenandoah  Group  and  their  residual  clays  in  south- 
western Virginia  {12,  22  a).  The  magnetite,  which  is  associated  with 
hematite  and  dderite,  is  of  high  grade  and  low  in  phosphorus  (22  a).     Mag- 
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netite  dcoutb  sparinKly  io  the  Marquette  Range  of  Michigan,  where  it  is 
found  in  the  schists.  Contact-raetamorphio  deposits  are  found  at  a  number 
ot  localities  in  the  West,  but  the  chief  occurrences  are  in  Colorado,  New 
Mexico,  Utah,  and  California.     Pew  of  these  have  been  described  in  detail. 

lT<m  Springs,  Utah  (29).  — Iron  deposits  are  widely  scattered 
over  the  western  states,  but  few  have  been  worked,  owing  to  the 
limited  demand  in  that  region.  They  can  be  regarded,  however, 
as  reserves  which  may  become  of  importance  in  the  future.  Among 
the  best  known  of  these  are  those  of  the  Iron  Sprii^  district  of 
southw^tem  Utah, 


Fia.  128.  —  Map  of  a  portion  of  the  Iron  Spriosa.  Utah  district,  showing  oi 

ot  iron  ore  in  limestone  near  andeaite  contact,  and  also  in  the  igneous  rock. 

{After  LeUh  and  Harder,  U.  8.  Qeol.  Sun.,  Bidl.  338.) 

At  this  locality  the  series  of  sedimentary  rocks  ranges  from  Car- 
boniferous to  Pleistocene  (Fig.  127),  and  is  intruded  by  three  lacco- 
liths of  biotite  andesite,  which  have  especially  affected  the  Home- 
stake  (Carboniferous)  limestone,  and  to  a  lesser  extent  the  Claron 
(Tertiary)  limestone. 

The  ore  bodies  are  of  three  types,  viz.:  (1)  fissure  veins  in 
andesite;  (2)  fissure  and  replacement  deposits  on  the  contact  of 
the  andesite  and  Carboniferous  limestone;  and  (3)  as  breccia  cement 
in  Cretaceous  quartzite. 
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The  second  of  these  is  the  most  important,  and  while  the  ore 
bodies  are  roughly  lena-ahaped,  with  their  longer  diameters  parallel 
to  the  contact,  atill  there  are  numerous  irregularities,  due  to  faulting 
and  other  causes.  The  vertical  dimensions-are  unknown,  as  the 
deepest  test  shaft  is  down  only  130  feet,  and  has  not  reached  water 
level. 

The  ore  consists  of  magnetite  and  hematite  with  a  small  amount 
of  limonite,  the  first  two,  of  course,  being  characteristic  of  contact- 
metamorphic  deposits.  The  ore  shows  a  hard,  crystalline  texture 
at  the  surface,  but,  as  is  sometimes  found  in  arid  regions,  becomes 
softer  with  depth.  The  gangue  \n  chiefly  quartz  or  chalcedony  near 
the  surface,  but  calcite  increases  with  depth.  The  contact  minerals, 
garnet,  diopside,  apatite,  mica,  hornblende,  and  other  ^Ucates,  are 
minor  constituents. 


FlQ.  120.  —  Croaa  section  of  Desert  Mound  contact  depont.  Iron  SpriiiES,  Utah 
district,  a,  iron  ore  ;  6,  laccolithic  andeaite  ;  c.  Homertake  limestone  ;  d,  altered 
Homestake  limestone  ;  e,  Pinto  sandstone.  (.After  Letihand  Harder,  V.  S.  Oaol. 
Sttrv.,  Bidl.  33S.) 

While  much  of  the  ore  runs  above  60  per  cent  in  iron,  the  average 
is  about  56.  Phosphorus  is  uniformly  high,  but  sulphur,  copper,  and 
titanium  are  not  in  prohibitive  amounts. 

Leith  and  Harder  believe  that  the  ores  are  closely  related  in  origin 
to  the  andesite  laccolite  intrusions,  and  suggest  the  following; 

The  contact  metamorphism  first  produced  a  zone  of  about  60 
feet  width,  containing  varying  amounts  of  albite,  kaolinite,  actin- 
olite,  diopside,  quartz,  orthoclaae,  serpentine,  phlogopite,  andra- 
dite,  iron  ores,  osteolite  (earthy  apatite),  andalu^te,  wollastonite, 
calcite,  etc.  There  is  also  glassy  material  which  appears  to  repre- 
sent fused  wall  rock.  Solutions  given  off  by  the  andesite  di»- 
solved  out  the  lime  and  magnesia  carbonates,  while  the  residue 
recrystallized  to  form  silicates.  Later  the  iron  was  brought  in  from 
the  eruptive,  probably  as  ferrous  chloride,  which  reacted  with  water 
(above  500°  C),  yielding  magnetite  and  hydrochloric  acid,  thus:  — 
3  FeCU  +  4  H,0  =  Fe,0,  +  6  HCl  +  Hj  +  77  calories. 


IRON  ORES 


361 


The  HCl  attacked  the  limestone^  which  was  replaced  by  the  mag- 
netite. 

This  view  that  the  eruptive  contributed  but  little  material  to  the 
contact  zone  is  disputed  by  Kemp,  who,  by  taking  the  author's 
analyses  and  recasting  them,  shows  that  the  reverse  may  be  true. 
Moreover,  if  Leith's  conclusions  are  true,  then  a  contact  zone  60  feet 
thick  must  represent  a  shrunken  residue  of  a  limestone  belt  300  feet 
thick  which,  as  pointed  out  by  Kemp,  seems  hardly  possible. 

Analyses  of  Magnetites.  —  The  following  table  gives  the  com- 
position of  non-titaniferous  magnetites  from  a  number  of  localities. 
It  is  not  possible  in  all  cases  to  obtain  analyses  of  recent  date. 

Analyses  of  Magnetites 


I 

II 

Ill 

IV 

v 

VI 

VII 

VIII 

IX 

Fe  .     . 

eo.o3 

60.91 

61.69 

59.93 

56.05 

64.9 

56.00 

61.85 

(89.41 
*    7.5 « 

SiO,     . 

4.48 

4.49 

18.90 

7.72 

7.76 

3.98 

7. 

4.74 

2.4 

p  :  . 

1.635 

1.548 

1.305 

.08 

.036 

.021 

.2 

.112 

.011 

s  .  . 

.021 

.027 

1.23 

.19 

.06 

.071 

.057 

.015 

.099 

Ti   .     . 

.12 

.03 

1.30 

— 

— 

— 

— 

-— 

Cu  .     . 

^— 

.007 

— 

— — 

— 

.005 

.027 

-^ 

— 

Moist  . 

.28 

.25 

— 

— 

— 

— 

3. 

2.62 

-—. 

Mn 

— 

— 

.65« 

.17 

none 

.158 

.196 

2.42> 

.18« 

AljOs  . 

— 

— 

12.48 

— 

— 

.324 

1. 

.74 

— — 

CaO     . 

— 

— 

4.45 

— 

— 

1.010 

4. 

.16 
.95 

— 

MgO    . 

— 

— 

.86 

— 

1.131 

.3 

I.  Sample  60  carloads.  II.  Sample  35  carloads,  21  pit,  both  Mineviile,  N.  Y.,  N.  Y.  State 
Museum.  Bull.  119  :  82.  III.  Warren  County,  N.  J..  N.  J.  Geol.  Surv.,  Ann.  Rept.  1873  :  80. 
IV.  Philpot,  Patrick  County,  Va..  U.  S.  Geol.  Surv.,  Bull.  380  :  219.  V.  Limestone  magnetite. 
Abingdon,  Va.,  Ibid.  VI.  Cornwall,  Pa.,  Amer.  Inst.  Min.  Engrs.,  Trans.  XIV :  892. 
VII.  Iron  Springs,  Utah,  U.  8.  Geol.  Surv.,  Bull.  338.  VIII.  Hanover,  N.  Mexico,  U.  S.  Geol. 
Surv.,  Bull.  380 :  212.    IX.  Shasta  County  Calif.,  Eoon.  Geol.,  Ill :  472. 

Titaniferous  Magnetites  (24,  28, 30).  — These  form  a  peculiar  class 
by  themselves,  and  with  only  one  or  two  exceptions  are  found 
always  associated  with  rocks  of  the  gabbro  family.  The  ore  bodies 
occur  in  the  midst  of  igneous  intrusions,  and  according  to  Kemp 
seem  to  have  been  formed  by  the  segregation  of  fairly  pure  titanifer- 
ous iron  oxide,  either  before  or  during  the  process  of  cooling  and  con- 
solidation. 

Mineralogically  they  may  contain  both  ilmenite,  FeO,  TiOj  (FeO, 
46.75 ;  Ti02,  53.25),  and  titaniferous  magnetite,  which  is  of  variable 
composition.  The  gangue  minerals  may  be  pyroxene,  brown  horn- 
blende,  hypersthene,  enstatite,  olivine,  spinel,  garnet,  and  plagio- 
clase.  The  ores  are  usually  low  in  phosphorus  and  sulphur,  but 
Va,  Cr,  Ni,  and  Co  are  almost  always  present.  In  the  United  States 
they  are  foimd  in  New  York,  New  Jersey,  Colorado,  Minnesota, 
Wyoming,  Virginia,  and  several  other  states,  but  are  not  worked. 

«Fe,04.  *Fe,0,.  sMn0«.  «MnO.  sP^,. 
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The  following  analyses  illustrate  their  composition : 

Analyses  of  Titanifbrgus  Magnbtitbs 


1 

2 

8 

4 

5 

6 

7 

8 

FeO    . 
FesOs  . 

70.50/ 

80.78 

^  27.95/ 
( 15.85  \ 

79.78 

70.80 

28.84 
14.05 

j  24.55) 
148.971 

51.44  « 

TiO,    . 

14.00 

12.09 

15.66 

12.08 

19.52 

10.11 

23.18 

16.76 

SiOs    . 

8.60 

2.02 

17.90 

.75 

1.39 

22.35 

2.15 

A1,0,  . 

4.00 

2.58 

10.23 

4.62 

4.00 

5.26 

— 

— 

CraOa  . 

— 

2.40 

.51 

.32 

Tr. 

— 

V,06     . 

.55 

Tr. 

.18 

— 

MnO  . 

Tr. 

.28 

— 

.43 

— 

CaO    . 

1.60 

2.86 

.13 

— 

1.17 

— 

— 

MgO  . 

2.30 

6.04 

2.04 

16.10 

— 

HsO    . 

— 

— 

.04 

— 

.42 

— 

— 

P2O6    . 

.03 

.14 

.0221 

.02 

.971 

S 

— 

— 

— 

.028 

.38 

.03 



Na20  . 

— 

— 

— 

— 

.44 

— 

K,0    . 

— 

.10 

Zn 

— 

— 

Mi^as 

.71 

— 

Cu      . 

— 

.08 

Co,  Ni. 

— 

— 

— 

7.08 

— 

Pb 

— 

— 

—  Tr. 

1.  Grape  Creek,  Col.  2.  May  hew  Range,  Minn.  3.  Split  Rock,  N.  Y. 
4.  Greensboro,  N.  Ca. ;  Nos.  1-4,  U.  S.  Geol.  Surv.,  19th  Ann. 
Rept.,  Ill  :  377,  1899.  5.  Lake  Sanford,  N.  Y..  N.  Y.  State  Mus., 
Bull.  119  :  163.  6.  Cumberland  Hill,  R.  I.,  Amer.  Jour.  Sci.,  Jan., 
1908.  7.  Iron  Mountain,  Wyo.,  U.  S.  Geol.  Surv.,  Bull.  315  :  209. 
8.   Marksville,  Va.,  Min.  Res.  Va..  1907  :  419. 

Descriptions  of  two  localities  will  serve  to  illustrate  the  mode  of 
occurrence  of  these  titaniferous  ores. 

New  York  (28,  30).  —  Titaniferous  magnetite  deposits  of  large 
size  occur  in  the  Adirondack  region,  and  while  they  carry  TiOs  as  an 
essential  ingredient,  the  percentage  of  this  element  may  vary  con- 
siderably. Thus  in  the  Adirondack  ores  it  is  at  least  8  to  9  per 
cent  (TiOj),  and  averages  15  per  cent. 

The  ores  are  closely  associated  with  gabbro-anorthosite  intrusions, 
and  are  found  chiefly  in  Essex  and  southern  Franklin  counties. 
At  Lake  Sanford,  where  the  most  important  ore  bodies  occur,  the 
small  deposits  are  found  in  gabbro  dikes  cutting  the  anorthosite  and 
having  a  tabular  form  conformable  with  the  strike  of  the  dikes,  but 
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large  ones  occur  in  the  anorthosite  and  may  be  segregations  during 
cooling,  or  actual  intrusions  forced  into  the  anorthosite  after  partial 
consolidation. 

The  ores  are  essentially  magnetite  and  ilmenite,  the  richest  show- 
ing little  else  and  running  about  60  per  cent  Fe.  The  magnetite 
grains  are  recognizable  by  parting  planes  parallel  to  the  octahedron 
and  smooth  breaks,  while  the  ilmenite  grains  show  a  rough  fracture, 
brighter  luster,  and  but  slight  magnetism. 

Other  minerals  present  are  plagioclase,  pyroxene,  hornblende, 
biotite,  olivine,  garnet,  pjoite,  apatite,  spinel,  and  quartz.  The 
usual  order  of  crystallization  is  reversed,  being  silicates,  pyrite, 
ilmenite,  magnetite.  Analyses  of  the  Sanford  deposits  show 
70.73-87.60  Fe804,  .87-2.46  SiOa ;  9.45-20.03  TiO, ;  .53-4.00  AlaO,  ; 
.007-.022  P ;     .027-.028  S. 

The  following  results  were  obtained  by  magnetic  separation  after  crush- 
ing to  40  mesh.     Finer  crushing  would  probably  improve  the  product. 


FejO, 

FeO 

TiOj 


Maonstitb 


55.9 
27.5 
14.0 


CONCBNTRATB 


04.047. 

28.66 
8.93 


Ilmbnttb  and 
Othsb  Mznebalb 


14.28 
30.93 
45.23 


Wyoming  (24). — An  ocourrenee  of  titaniferous  magnetite  of  some 
importance  is  found  at  Iron  Mountain  in  southeastern  Wyoming.  Iron 
Mountain  is  a  ridge  300  to  600  feet  wide,  and  1}  miles  long,  which  rises 
sharply  from  the  anorthosite  hills  to  the  east  and  pre-Cambrian  uplands 
to  the  west.  The  pre-Cambrian  complex  near  the  iron  ore  dike  consists 
of  three  granular  igneous  rocks,  viz.  anorthosite,  iron  ore,  and  granite, 
the  anorthosite,  or  oldest,  being  cut  by  dikes  and  lenticular  masses  of  iron 
ore  and  granite. 

The  ore,  which  forms  a  dike  IJ  miles  long,  40  to  300  feet  wide,  and  has 
a  northerly  strike,  is  sharply  bounded  on  both  sides  by  anorthosite,  and 
paralleled  by  several  smaller  dikes.  It  is  a  black,  granular,  holocrystal- 
line  rock,  which  carries  as  impurities  biotite,  olivine,  and  feldspar.  The 
iron  content  averages  about  50  per  cent. 

It  is  suggested  (Ball)  that  the  ore  and  anorthosite  are  differentiation 
products  from  a  common  magma,  the  iron  having  been  intruded  after 
the  complete  solidification  of  the  anorthosite;  but  the  relationship  of  the 
two  is  shown  by  the  presence  in  each  of  similar  minerals,  although  their 
proportions  are  different. 
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The  granite  is  probably  the 
youngest  of  the  pre-Cambrian«rock8, 
and  grades  into,  as  well  as  being  cut 
by,  a  biotite-pegmatite  which  carries 
some  magnetite. 

Magnetite  Sands.  —  These  are 
found  in  those  regions  where  the 
beach  sands  are  composed  of 
weathering  products  of  metamorphio 
and  igneous  rocks.  The  sorting 
action  of  the  waves  serves  to  carry 
the  heavy  mineral  grains  high  up  on 
the  beaches,  where  they  form  black 
streaks,  composed  mostly  of  mag- 
netite (usually  titanif erous) ,  mixed 
with  monazite,  apatite,  and  other 
heavy  minerals. 

Deposits  are  known  in  this 
country  on  the  shores  of  Lake 
Champlaln,  Long  Island,  etc.,  but 
they  are  of  small  extent  as  well  as 


a  b  0  d  6 

Fia.  130.  —  Map  of  Iron  Mountain.  Wyo..  lacking  in  quaUty. 

titaniferous  magnetite  deposit,  a,  post-         New  Zealand  and  Brazil  are  said 

Devonian;  6,  anorthosite;  c,  granite;  to  possess  magnetite  sands  of  com- 

d,  gneiss;  e,  ore.    (After  Kemp,  Zcitachr.  mercial  value. 
prak.  GeoL,  1905.) 


HEMATITE 

This  is  by  far  the  most  important  ore  of  iron  in  the  United  States, 
having  in  1908  formed  about  88  per  cent  of  the  total  production, 
and  about  85  per  cent  of  the  hematite  mined  came  from  the  Lake 
Superior  region.  The  varieties  mined  in  the  United  States  include 
the  earthy,  specular,  oolitic,  and  fossiliferous. 

The  deposits  are  mostly  of  basin-shaped  character,  having  been 
formed  largely  by  replacement,  but  contact  deposits,  bedded  deposits, 
and  other  types  are  known. 

Distribution  of  Hematite  Ores  in  the  United  States  (Fig.  123).  — 
At  the  present  day  there  are  but  two  very  important  hematite- 
producing  regions,  in  the  United  States,  viz.  the  Lake  Superior 
region  and  the  Birmingham,  Alabama,  area.  Other  areas  which  are 
worked  will  also  be  referred  to,  but  they  are  less  important. 

Lake  Superior  Region  (45,  47).  —  Under  this  head  are  included  a 
great  series  of  deposits  lying  in  the  region  surrounding  the  south 
and  west  sides  of  Lake  Superior  (13).     The  rocks  are  of  remote 
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geologic  age,   as  can   be   seen   from   the   following   generalized 
section:  — 

Keweenawan 


Algonldan 


Upper  Huronian 


111 


Arch»an 


iron-bearing) 

Middle  Huronian 

(iron-bearing) 
Lower  Huronian 

Laurentian 

(intrusive  in  Keewatin) 

Keewatin 

(iron-bearing) 


Carries  iron 
formation 
in 


Mesabi 

Penokee 

Vermilion ' 

Marquette 

Crystal  Falls 

Menominee 

Cuyuna 

Marquette 
Vermilion 


Vermilion 


Each  of  the  above  series  is  separated  from  its  neighbor  by  a  great 
unconformity  due  to  intervals  of  elevation  above  the  sea  level  and 
periods  of  erosion. 

The  ore-bearing  districts  themselves  have  been  studied  in  con- 
siderable detail,  but  the  intervening  parts  are  less  well  known,  and 
it  is  therefore  difficult  to  correlate  the  major  geological  units  of  the 
several  districts. 

Character  of  formations.  —  The  Archsean  includes  a  complex  series 
of  acid  and  basic  igneous  rocks,  and  two  or  more  sedimentary  for- 
mations, including  the  iron  formations  and  slate  of  the  Keewatin. 
The  Algonkian  includes  four  unconformable  sedimentary  series,  all 
associated  with  igneous  rocks,  the  entire  succession  being  separated 
by  an  unconformity  from  the  Archaean  below  and  the  Potsdam 
above. 

The  iron  ores  occur  as  concentrations  in  the  so-called  iron  forma- 
tions, which  range  in  thickness  from  a  few  hundred  to  a  thousand 
feet. 

In  their  present  form  these  iron  formations  represent  alterations 
of  chemically  deposited  sediments,  such  as  cherty  iron  carbonates, 
which  are  usually  interbedded  with  normal  clastic  sediments  such 
as  slate  and  quartzite. 

In  general  terms  the  iron  formations  may  be  described  as  consisting 
mainly  of  chert  or  quartz  and  ferric  oxides,  usually  segregated  into  bands, 
but  sometimes  irregularly  mixed.  Jasper  is  a  banded  rock  of  highly 
crystalline  character  with  the  quartz  layers  colored  red.  Ferruginous- 
chert  differs  from  it  in  being  less  crystalline,  and  with  the  quartz  either 
banded  or  irregularly  mingled.     This  latter  type  is  known  as  taconile  in 


.^  Not  productive. 
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the  Mesabi  district.  Other  phases  of  the  iron  formation  are  clay  slates, 
paint  rocks  (alterations  of  preceding),  amphibole-magnetite  schists,  cherty 
iron  carbonate,  hydrous  ferrous  silicate  (greenalite),  and  iron  ores. 

The  original  iron  rocks  were  cherty  iron  carbonate,  ferrous  silicate, 
and  pyritic  iron  carbonate,  and  unaltered  remnants  of  these  are  still 
found. 

Since  their  formation  the  rocks  have  been  folded,  faulted,  and 
sometimes  brecciated,  and  much  of  the  ore  is  found  in  these  struc- 
tural troughs;  but  in  some  instances,  as  in  the  Mesabi  Range,  the 
ore  bodies  are  somewhat  flat  as  compared  with  their  length  and 
breadth. 

The  ores  of  the  Lake  Superior  region  vary  from  hard  blue  ores 
to  soft  earthy  ones.  They  are  mostly  hematite  with  small  quanti- 
ties of  limonite,  but  some  magnetite  is  known  in  the  Marquette 
district. 

The  following  table,  taken  from  Birkenbine's  report  gives  a  number 
of  typical  analyses.  Many  additional  ones  can  be  found  in  the 
reports  on  Mineral  Resources  issued  annually  by  the  United  States 
Geological  Survey. 

Typical  Analyses  of  Lake  Superior  Iron  Ores 


CONTBNT 

Mabquitttk 

Menominee 

Gogebic 

Vermilion 

Mesabi 

Hakgb 

Range 

Range 

Range 

Range 

Iron 

56.5 

55.2423 

56.308 

61.36 

56.0996 

Phosphorus     .     . 

.0353 

.0594 

.0338 

.0373 

.0365 

Silica      .... 

4.584 

6.7693 

3.3961 

4.2545 

3.4867 

Sulphur       .     .     . 

.0089 

— 

— 

— 

Moisture     .     .     . 

11.85 

6.525 

10.828 

4.5649 

12.3158 

Analyses  of  Siliceous  Ores 


Content 

Marquette 
Range 

Menominee 
Range 

Vermilion 
Range 

Iron 

Phosphorus      .... 

SiKca 

Sulphur 

Moisture 

42.27 

.0316 
35.834 

.0099 
1.23 

42.129 

.0244 
34.141 

2.2 

51.1938 

.0498 

22.3642 

3.21 

Seven  districts,  or  ranges,  are  recognizable  in  the  Lake  Superior 
region,  viz.  Marquette  (48)  and  Crystal  Falls  (41)  in  Michigan; 
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MeDominee  (39)  in  Wisconsin ;  Penokee-Gogebic  (42)  on  the  Michi- 
gan-Wisconsin boundary ;  Meaabi  (44),  Vermilion  (40),  and  Cuyuna 
(46)  in  Minnesota. 


The  general  mode  of 
occurrence  of  the  ore  in 
several  of  these  is  shown  in 
Figs.  132  to  134,  wid  they 
are  referred  to  individually 
below, 

Marquette  Range  (48).  — 
This  occupies  a  rather  large 
area  west  and  southwest  of 
Marquette,  Michigan,  and 
carries  iron  formations  in 
both  the  Upper  and  Middle 
Huronian,  the  latter  being  the 
more  important.  That  of  the 
Upper  Huronian  is  underlain 
by  quartzite  and  covered  by 
elate,  while  the  Middle  Huron- 
ian iron  formation  is  underlain 
by  slate  which  in  turn  rests 
on  quartzit«s.  Tgneo 
sions  of  Keweenawan  age  are 
common.  The  structure 
the  range  is  that  of  a  great 
east-west  synclinal  basin  con-  f,q.  132.  —  Sections  of  iron.ore  depodta  i 
taining  a    number    at    minor  Marquette  raoge.     lA/ler  Van  Hue.) 
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tolds,  and  while  the  ores  occur  on  both  limbs  of  the  basin,  the^  are  moat 
abundant  on  the  northeru  oq«. 

The  ores  may  be  divided  into  three  classes,  namely,  (1)  ores  at  the 
base  of  the  iron-beuing  N^caunee  (Middle  Huronian)  formation,  (2)  the 
ores  within  the  Negaunee  formatioa,  (3)  detrital  ores  at  the  base  of  the 
Goodrich  (Upper  Huronian)  quartzite.  Ores  of  the  first  and  second 
class  are  mostly  soft  hydrated  hematite,  while  those  of  the  third  class  are 
(lard  specular  ores  with  some  magnetite  from  metamorpbism  due  to 
greater  movements  along  the  contact  of  the  Middle  and  Upper  Huronian 
during  the  faulting  within  these  rocks  themselves. 

Henomlnee  Range  (39).— While  this  carries  iron  formations  in  both 
the  Middle  and  Upper  Huronian,  only  the  former  are  commercially  im- 
portant and  are  confined  to  the  southern  part  of  the  district.  The  iron 
ores  are  mainly  gray,  finely  banded  hematite  with  lesser  amounts  of  a 
flinty  hematite  which  shows  local  banding. 


Penokee-Gogebic  Range  (42).  —  The  ores  occur  in  Upper  Huronian, 
the  iron  formation  beii^  overlain  by  slate  and  underlain  by  quartzite  and 
black  slate.  The  latter  is  covered  by  a  gabbro  of  Keweenawan  age, 
which  is  found  in  contact  with  the  iron  formation  in  places  and  has  altered 
it  to  jasper  and  amphibole-magnetite  rock.  Most  of  the  iron  formation, 
however,  is  torruginous  chert.  The  atenply  dipping  sedimentary  rooks 
are  cut  by  dikes  of  basic  igneous  rocks,  thus  forming  troughs  in  which  the 
ores  are  concentrated.  Most  of  the  deposits  reached  depths  of  1000  feet 
and  upwards,  but  the  horizontal  extent  is  small.  While  soft  hydrated 
hematite  is  the  normal  type  of  ore,  still  the  hard  slaty  ore  is  not  uncom- 
mon.    Manganese  is  found  in  a  few  deposits. 

Hesabi  Range  (M). — The  rocks  of  this  region  are  less  folded  and 
%Ktamorphoaed.  and  dip  slightly  to  the  southeast.  The  iron  formation, 
which  is  mainly  ferruginous  chert,  is  overlain  by  a  thick  slate  and  under- 
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loin  by  a  thin  qu&rtzite,  which  in  turn  rests  on  gr&nite,  or  graywa«ke  and 
slate  of  lower  Middle  Huronian.  At  the  eastern  end  of  the  range  the  iron 
formation  has  been  metamorphosed  to  ampbibole-magnetite  rook  by  a 
gabbro  intrusion.  The  iron-oA  deposits  are  very  irre^ar  in  shape,  but 
their  horizontal  extent  is  great  as  comptu«d  with  their  depth  (Fig.  134), 
most  of  them  being  less  than  200  feet.  The  mining  is  done  mainly  by 
open  pits  (PI.  XXXIIj,  and  the  ore  is  a  rather  soft  hematite  of  high  grade. 
It  preserves  the  stratification  of  the  original  iron  formation  and  in  places 
is  found  grading  into  the  tatter. 


e  depuait  und  adjacent 

Vermilion  Range  (40),  —  The  chief  ore  deposits  ooour  in  the  highly 
folded  and  metamorphosed  Keewatin  rooks,  and  the  iron  formation  is 
largely  altered  to  jasper.  The  country  rock  is  mostly  greenstones  in 
which  the  jasper  occurs  in  basins  or  troughs.  The  ores  associated  with 
the  jasper  in  these  troughs  usually  have  a  greenstone  foot  wall  and  con- 
sist of  dense  hard  red  or  blue  hematite,  which  is  sometimes  brecciated  but 
rarely  specular. 

Cnytina  Konge  (4e).  —  This  range  lies  to  the  southwest  of  the  Mesabi 
range  and  shows  a  series  of  small  northeast-southwest  anticlines  in  a 
broad  synclinal  basin  on  whose  northern  limb  the  Mesabi  range  is  situ- 
ated, while  on  the  southern  limb  we  find  the  Peaokee.  Owing  to  the 
limited  number  of  outcrops  and  lack  of  development  at  the  present  time, 
the  geology  is  not  yet  perfectly  known,  but  the  formations  seem  to  include 
quartzite  and  its  altered  equivalents,  iron  formations,  slate,  and  intrusive 
granite  and  diorite.  The  ores  form  the  altered  and  concentrated  upper 
parts  of  the  steeply  dipping  iron-formation  strata,  which  are  exposed  by 
the  erosion  of  the  anticlines.  The  hanging  wall  is  commonly  chloritic 
slate  and  iron  carbonate  in  varying  proportions  and  degrees  of  alterations, 
while  the  foot  wall  is  either  a  quartz  schist  or  amphibole-magnetite  schist. 
The  ore  bodies  thus  far  found  seem  to  be  in  the  form  of  lenses  100  to  250 
feet  thick,  with  their  longer  dimensions  parallel  to  the  highly  tilted  bed- 
ding of  the  series. 

Origin.  —  The  origin  of  these  ores  has  for  j-eara  been  a  puzzling 
problem  to  geologists.  Foster  and  Whitney  considered  them  erup- 
tive, while  Brooks  and  Pumpelly  looked  upon  them  as  altered  limo- 
nite  beds. 
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« 

The  work  of  Van  Hise  and  Leith  has  shown  us  that  the  Lake 
Superior  ores  were  concentrated  in  certain  sedimentary  iron  forma- 
tions, and  it  was  at  first  believed  that  Jhese  sediments  were  derived 
from  the  weathering  of  land  areas  containing  much  igneous  rock. 

Further  study  has  led  them  to  conclude,  however,  that  the  iron 
formations  have  not  only  been  derived  in  this  way,  but  that  the 
iron  has  actually  been  contributed  by  greenstone  magmas  directly 
to  the  water  in  magmatic  solutions  and  that  there  are  all  intermediate 
stages  between  the  two  processes.* 

The  iron  ore  as  first  deposited  consisted  essentially  of  chemically 
precipitated  iron  carbonate  or  ferrous  silicate  (greenalite)  with 
some  ferric  oxide,  all  finely  interlayered  with  chert. 

Later  on,  when  these  sediments  were  uplifted  to  form  the  land 
surface  and  exposed  to  weathering,  the  ferrous  compounds,  the 
siderite  and  greenalite,  were  oxidized  to  hematite  and  limonite. 
While  this  occurred  mainly  in  place,  some  of  the  iron  was  carried 
oflF  and  redeposited  elsewhere.  This  resulted  in  a  ferruginous  chert 
carrying  less  than  30  per  cent  of  iron. 

Further  concentration  of  the  iron  to  50  per  cent  or  over  was  accom- 
complished  mainly  by  the  silica  being  leached  from  the  bands  of 
ferruginous  chert. 

Where  the  concentration  of  the  ore  has  occurred  in  troughs,  the 
chemistry  of  the  process  is  thought  to  be  as  follows :  — 

Part  of  the  ferric  oxide  was  deposited  as  an  original  sediment  contain- 
ing silica  and  other  impurities,  or  in  some  cases  as  sulphides  or  carbonates. 
This  was  later  enriched  by  the  addition  of  iron  carbonate.  These  were 
originally  contained  in  the  rocks  near  the  surface,  and  became  oxidized 
by  percolating  waters,  which  took  up  the  carbon  dioxide  liberated,  and 
were  thus  able  to  dissolve  iron  carbonates  or  silicates,  which  they  came 
in  contact  with  in  their  downward  course  toward  the  troughs  in  which  the 
ore  is  found. 

The  precipitation  of  the  ore  was  then  caused  by  these  solutions  meet- 
ing with  others  which  had  filtered  in  by  a  more  open  and  direct  x>ath  from 
the  surface,  and  hence  contained  some  free  oxygen,  which  converted  the 
dissolved  iron  compounds  into  oxides. 

The  same  solutions,  carrying  carbon  dioxide,  dissolved  the  alkalies  out 
of  the  basic  igneous  rocks,  and  these  waters  were  then  able  to  dissolve 
silica.  In  some  cases  the  solution  of  silica  proceeded  faster  than  the 
deposition  of  the  iron  ore,  and  made  the  rock  quite  porous.  The  general 
result  was  therefore  a  concentration  of  the  iron  and  removal  of  silica. 

The  weathering  processes  have  yielded  mainly  soft  ores  and  ferru- 
ginous cherts,  while  metamorphism  has  formed  hard  red  and  blue 

»  Can.  Min.  Inst.,  XI:  91,  1908. 


Plate   XXXIIl 


e,  SaudaD.  Mitm.  Shows  old  open  pit  with  jasper  hone  in  nuddli^. 


r  Ironton,  Pa.     {H.  Rics.  pholo.) 
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specular  ores  and  brilliant  jaspers,  as  well  as  changed  the  iron  for- 
mation into  amphibole-magnetite  schists. 

Mo8t  of  the  rich  ores  are  found  above  the  1000-foot  level,  except  in  the 
Mesabi  district,  where  the  deposits  are  shallow,  as  compared  with  their 
horizontal  extent,  some,  however,  being  over  400  feet  deep. 

In  the  early  period  of  mining  many  of  the  Lake  Superior  bodies  were 
worked  as  open  cuts,  but  with  depth  underground  working  has  been  re- 
sorted to.  There  are  many  deposits  in  the  Mesabi  district  which  are 
worked  as  open  pits  from  which  the  granular  ore  is  dug  with  a  steam 
shovel  and  loaded  directly  on  to  the  ore  cars,  which  are  run  along  the 
working  face  (PI.  XXXII). 

The  market  value  of  the  ores  is  based  on  the  iron  contents,  percentage 
of  water,  and  amount  of  phosphorus,  and  at  times  the  manganese  contents 
is  taken  into  consideration.  Some  objection  was  at  first  raised  to  the  fine 
character  of  the  Mesabi  ore  and  its  tendency  to  clog  the  blast  furnace, 
therefore  requiring  the  admixture  of  lump  ore  from  the  other  ranges; 
but  this  objection  has  disappeared,  and  some  furnaces  now  use  over  75 
per  cent  of  Mesabi  ore  in  their  charge. 

The  Lake  Superior  iron  ore  region  is  not  only  the  most  important  in 
the  world,  but  the  production  of  some  of  the  individual  mines  is  startling. 
(See  production  of  individual  mines  at  end  of  this  chapter.)  The  Mar- 
quette range  was  developed  as  early  as  1849,  the  Mesabi  as  late 
as  1892,  and  the  Cuyuna  some  years  after  this.  The  total  yield  of 
the  Lake  Superior  region  from  1850  to  the  end  of  1908  has  been  about 
434,000,000  long  tons.  While  the  output  has  been  phenomenal,  and  the 
supply  large,  high-grade  ore  is  no  longer  abundant,  and  much  ore  running 
high  in  silica  is  now  shipped. 

Wyoming  (60).  —  Important  deposits  of  hematite  are  found  in  the 
pre-Cambrian  schists  at  several  localities  in  Wyoming,  viz.  in  the  Hart- 
viUe  District,  Laramie  County,  and  near  Rawlins,  in  Carbon  County. 

The  Hartville  deposits  form  a  portion  of  the  Hartville  uplift, 
which  is  a  broad,  low  dome  similar  to  that  formed  by  the  Black  Hills, 
and  while  the  iron  range  extends  from  Guernsey  to  Frederick,  a 
distance  of  8  miles,  the  productive  area  extends  only  from  a  point  2 
miles  northeast  and  I  mile  southeast  of  Sunrise. 

The  pre-Cambrian  sediments  have  been  folded  into  a  complex 
synclinorium,  and  faulting  has  been  a  common  phenomenon,  while 
the  brecciation  which  accompanied  both  the  folding  and  faulting 
was  an  important  structural  factor  in  the  ore  formation. 

The  most  important  ore  bodies  are  lenses  occurring  in  the  schist 
along  a  limestone  footwall,  the  ore  either  replacing  the  schist  or  to  a 
lesser  extent  filling  the  joint,  fault,  and  breccia  cavities.  These 
lenses  range  up  to  1000  feet  in  length,  and  conform  to  the  foliation  of 
the  schists.     Detrital  ores  derived  from  the  foregoing  are  also  found. 
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The  following  geological  section  is  involved : 


Pleistocene 

Terrace  gravels,  alluvium,  and  wash. 

Tertiary  (Arikaree)  • 

Sandstone. 

Jura-Trias  and  Cretaceous 

Carboniferous  nearly  flat 

Hartville  650'  thick.  White  or  gray  lime- 
stone.    Red  sandstone. 

Unconformity. 

Guernsey  150'  thick.  Conglomeratic  quartz- 
ite  or  sandy  limestone. 

Pre-Cambrian  rocks,    the 
stratified      ones      with 
steep  dip. 

Quartzose  beds,  partly  conglomerate  and  asso- 
ciated jaspers. 

Unconforinity. 

Interbedded  siliceous  limestones  and  musco- 
vite  and  biotite  schists  with  beds  and  lenses 
of  quartz  and  jasper  rock. 

Intrusives,  diabase,  aplites  and  pegmatites, 
biotite  granite,  |:abbros,  diorites,  and  por- 
phyrites,  derivative  hornblende  and  chlorite 
schists. 

The  ores  are  high-grade  hematites  (chiefly  hydrated),  averaging 
over  60  per  cent  iron.  Sulphur  is  absent,  silica  may  be  high,  and 
much  of  the  ore  is  non-Bessemer.  Two  grades  of  ore  are  recognized, 
viz.  a  hard  gray  hematite,  and  a  soft  greasy  one  of  brown-red 
color. 

Siderite  and  limonite  are  of  subordinate  importance,  while  the 
associated  minerals  are  calcite,  quartz,  gypsum,  chalcedony,  barite, 
chrysocolla,  etc.  The  copper  minerals  occur  in  the  fractures  in  the 
hematite.  Both  types  of  hematite  grade  into  the  schist,  but  much 
of  the  soft  ore  has  been  derived  from  the  hard  by  percolating  waters. 

Ball  assigns  an  epigenetic  origin  to  the  ore,  believing  that  it  was 
deposited  by  descending  water,  because  (1)  the  ore  is  along  zones  of 
maximum  downward  circulation,  (2)  lenses  and  veins  are  found  along 
joints  at  a  distance  from  the  main  body,  and  (3)  the  associated  min- 
erals, quartz,  calcite,  and  limonite,  are  all  water-formed  ones.  *  The 
magnetite  and  iron  pyriteof  the  Schist  lying  above  the  limestone  foot- 
wall  are  regarded  aa  the  source  of  the  iron.  During  pre-Cambrian 
times  there  was  extensive  erosion  of  this  schist,  and  a  downward 
transferal  of  this  iron  by  carbonated  surface  waters  flowing  along 
the  impervious  limestone  footwall,  where  it  was  precipitated  by 
oxygen-bearing  waters  coming  by  a  more  direct  path. 

Clinton  Ore  (51-69).  — This  ore,  which  is  also  called  fossil,  pea, 
or  dyestone  ore,  was  given  the  first  name  on  account  of  the  ore  bed 


^ 
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Pi^TB   XXXV,  —  Opo]o«ric   map  of  eaatern  half  of   Birmingham,    Ala., 
lA/ler  Burchard,  Amer.  ItaL  Jfi'n.  Eiigra.,  BhU.  24,  1908.) 
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having  been  originally  discovered  at  Clinton,  N.Y.  It  is  one  of 
the  most  persistent  iron-ore  deposits  that  is  known  (Fig.  136),  for 
it  occurs  at  most  points  where  rocks  belonging  to  the  Clinton  stage 
of  the  Silurian  are  found. 

The  following  districts  may  be  enumerated  as  showing  the  loca- 
tion of  the  more  im- 
portant deposits:  (1) 
west  central  New 
York;  (2)  several  nar- 
row belts  in  central 
Pennsylvania;  (3)  Al- 
leghany County,  Va.; 
(4)  a  belt  through  Lee 
and  Wise  counties,  Va., 
extending  southwest- 
ward  into  the  La  Fol- 
lette  district  of  Ten- 
nessee; (5)  narrow  belts 
in  the  region  of  Chat- 
tanooga, Tennessee; 
(6)  Birmingham,  Ala- 
bama;  (7)  Bath 
County,  Kentucky; 
and  (8)  Dodge  County, 
Wisconsin.  Other 
known  occurrences  of 
minor  importance  are 
indicated  on  the  map, 
Fig.  135,  and  in  addi- 
tion the  ore  has  been 

recently  discovered  by    ^'°'  ^^^*  —  ^*^  °^  eastern  United  states,  showing 
J  •!!•        •     •*«■•  •  areas  of  outcrop  of  Clinton    iron  ore.      {After 

dnlling  m  Missouri.  McCaUie,  Ga.  Oeol.  Surv.,  BuU,  17.) 

Of  all  these  districts, 
the  Birmingham,  Alabama,  one  is  the  most  important,  with  Chat- 
tanooga, Tennessee,  and  central  New  York  ranking  respectively 
second  and  third. 

The  Clinton  ore  deposits  occur  as  beds,  or  lenses,  interstratified 
with  shales  and  sandstones  at  diflFerent  horizons  in  the  Clinton,  and 
as  many  as  three  or  four  beds  may  be  present  at  any  one  locality. 
They  show  extremes  of  thickness,  ranging  from  a  few  inches  to  40 
feet,  but  rarely  exceeding  ten  feet.    The  thicker  beds  often  contain 
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sandstone  and  shale  partings,  and  any  bed  is  sometimes  traceable  for 
miles  along  the  outcrop. 


OT* 


Areas  containing 
workable  iron-ore 


Areas  containing  possibly 
workable  Iron-ore 

Scale 
0      6     10     15    aO    25    SOmnes 

I I I \ 1 1 I 


Areas  probably  containing 
little  or  no  workable  iron-ore 


Fio.  136.  —  Map  showing  outcrop  of  Clinton  ore  in  Alabama.     (After  Burchard, 

Amer.  Inst.  Min.  Engra.,  Bull.  24,  1908.) 

The  dip  of  the  beds  depends  on  the  intensity  of  folding  that  has 
occurred  in  any  given  area.     Thus  the  ore  beds  in  New  York  State 
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are  nearly  horizontal,  and  can  at  times  be  mined  for  some  distance 
from  the  outcrop  by  stripping;  while  thoee  found  in  the  Appa- 
lachian region  show  &  variable  and  sometimes  steep  dip,  and  hence 
require  to  be  worked  by  undet^round  methods. 

Two  textural  varieties  of  Clinton  ore  are  recognized,  viz.  (1)  fossil 
ore,  and  (2)  oolitic  ore. 

The  former  is  made  up  ahnost  entirely  of  a  mass  of  fossil  fragments, 
while  the  latter  consists  of  small,  rounded  gr^na  of  concretionary 
character.  These  two  varieties  may  occur  in  the  same  or  separate 
beds. 


A  second  classification,  based  on  grade,  includes  (1)  soft  ore,  and 
(2)  hard  ore.  The  fonner  is  found  in  the  outcroppii^  portion  of  the 
seam  and  may  extend  to  variable  depths,  sometimes  as  much  as 
400  feet,  while  the  latter,  which  is  usually  sharply  separated 
from  the  former,  occurs  lower  down.  The  soft  ore  runs  high  in  iron 
and  silica,  but  low  in  hme,  because  this  has  been  removed  by  weath- 
ering. The  bard  ore  runs  high  in  lime,  but  low  in  silica  and  iron. 
Both  varieties  are  high  in  phosphorus  and  hence  of  non-Bessemer 
grade. 

Birmingham,  Alabama  (51).  —  The  great  development  of  the  Bir- 
mingham district  is  due  to  peculiar  local  conditions,  for  we  find  the 


376 


ECONOMIC  GEOLOGY 


iron  ores,  flux,  and  fuel  all  in  close  proximity  to  each  other  (Pis. 
XXXIV,  XXXV). 

The  Clinton  ore  beds  are  found  in  Red  Mountain  (Figs.  136,  137) 
on  the  east  side  of  the  valley  in  which  the  city  of  Birmingham  lies. 
There  the  Clinton  formation,  which  is  200  to  500  feet  thick  and 
dips  westward  from  20°  to  60®,  is  composed  of  beds  of  shale  and 
sandstone  and  includes  four  well-marked  iron-ore  horizons,  gener- 
ally in  the  middle  third  of  the  formation. 

These  beds  are  known  as  the  Hickory,  Ida,  Big,  and  Irondale  seams, 
but  there  is  difficulty  in  correlating  them  in  different  parts  of  the  field. 

Of  these  four  beds  the  Big  and  Irondale  are  the  most  important.  The 
thickness  of  the  former  is  estimated  at  from  16  to  30  feet,  but  the  good 
ore  is  rarely  more  than  10-12  feet  thick,  and  at  most  places  only  7  to  10 
feet  are  mined.  In  the  middle  of  the  district,  the  bed  is  separated  into 
two  benches  by  a  parting  along  the  bedding  plane,  or  by  a  shale  bed. 
Either  bench,  though  producing  in  one  part  of  the  district,  may  grade 
into  shaly  low-grade  ore  in  another  part. 

The  following  analyses  are  given  by  Harder  (Min.  Res.  1908),  to  show 
the  gradation  from  hard  ore  to  soft  ore. 

Analyses  of  Clinton  Iron  Orb  frqm  Alabama 


Fe. 

Si02 

AlsO. 

CaO 

Mn 

S    . 

P   . 


1 

2 

3 

37.00 

45.70 

50.44 

7.14 

12.76 

12.10 

3.81 

4.74 

6.06 

19.20 

8.70 

4.65 

.23 

.19 

.21 

.08 

.08 

.07 

.30 

.49 

.46 

54.70 
13.70 
5.66 
.50 
.23 
.08 
.10 


The  unweathered  ore  is  said  by  Burohard  to  range  fi  om  a  richly  ferru- 
ginous sandstone  to  a  ferruginous- siliceous  limestone. 

New  York  (55).  —  In  this  state  the  outcrop  of  the  ore  extends 
across  the  central  and  western  part  of  the  state  (Fig.  138).  The 
whole  formation  dips  gently  southward,  with  a  gentle  north-south 
synclinal  trough  in  Cayuga  and  Wayne  counties.  Both  oolitic  and 
fossiliferous  ore  are  found,  and  at  least  two  beds,  and  sometimes 
four,  may  be  present  at  any  given  locality.  The  ore  varies  in  its 
richness,  and  while  the  deposits  are  very  extensive,  they  have  been 
but  little  developed. 


Iron  ores 
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Fig.  138.  —  Map  showing  outcrop  of  Clinton  ore  formation  in  New  York  State. 

{ASter  Newland.) 

Analyses  of  Clinton  Ore,  —  The  following  are  analyses  of  the 
Clinton  ore  from  several  localities,  which  serve  more  to  show  its 
variation  in  character,  than  as  types.  Others  are  given  above  under 
Alabama. 
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31.07 

54.3 

33.341 

57.00 
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.462 

1.202 » 

.678 

SiO, 
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8.56 
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— 

— 

— 
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— 
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— 

.15  « 
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1.46 
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2.92 

7.37 
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— 

SO, 
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— 

— 

— 

CO, 

9.6 

18.8 

None 

— 

— 

H,0 

.26 

Undet. 

3.07 

10.865 

— 

S 

— 

— 

.03 

— 

— 

I,  II,  N.  Y.  State  Mus.,  BuU.  123  :  33,  1908. 
Bull.  17 :  130.  IV.  U.  8.  Geol.  Surv.,  BuU.  385. 
Bull.  285  :  188,  Alleghany  Co.,  Va. 
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III.  Ga.  Geol.  Surv., 
V.  U.  8.  Geol.  Surv., 

*Mn. 
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Ori^n  of  Clinton  Ore.  —  The  origin  of  this  ore  has  created  con- 
siderable discussion,  and  whatever  theory  is  advanced,  it  must 
explain  the  following  features:  (1)  the  fossiliferous  character  of 
some  beds,  (2)  the  oolitic  characters  of  others,  (3)  the  bedded 
structure,  (4)  the  soft  non-calcareous  ore  at  the  surface,  and  the 
hard  or  more  calcareous  ore  at  lower  levels. 

The  three  theories  which  have  been  advanced  are  the  following : 
(1)  original  deposition,  (2)  residual  enrichment,  (3)  replacement. 
As  can  be  easily  seen,  the  correct  solution  of  the  problem  is  of  practi- 
cal value,  since  it  indicates  the  possible  extent  of  the  ore  body. 


Residual  Enrichment.  —  This  theory  supposes  that  the  ore  beds  rei>- 
resent  the  weathered  outcrops  of  ferruginous  limestones.  That  is  to  say, 
the  lime  carbonate  was  leached  out  by  surface  waters  down  to  the  water 
level,  leaving  the  insoluble  portion  carrying  the  iron,  in  a  more  concen- 
trated form.  If  this  theory  is  correct,  then  the  ore  should  pass  into  lime- 
stone below  the  water  level. 

Russell  (57),  who  was  an  earnest  advocate  of  this  theory,  noted  that 

at  Attalla,  Alabama,  the 
Clinton  limestone  at  a 
depth  of  250  feet  from  the 
surface  carries  only  7.75 
per  cent  of  iron,  while 
at  the  outcrop  it  has  57 
per  cent  of  iron.  These 
figures  would  seem  to 
bear  out  this  theory,  but 
Eckel  (61)  has  recently 
claimed  that  they  must 
be  incorrect,  as  the  hard 
ore  at  the  depth  men- 
tioned above  carries  38 
to  42  per  cent  of  iron. 
Moreover,  in  none  of  the  many  fairly  deep  mines  in  Clinton  ore  has  any 
change  to  limestone  been  noted. 

Sedimentary  Origin.  —  This  supposes  that  the  ores  are  of  contem- 
poraneous origin  with  the  inclosing  rocks,  having  been  deposited  on  the 
sea  bottom  as  chemical  precipitates. 

This  view  was  advocated  at  an  early  date  by  James  Hall,  who  believed 
that  the  iron  came  from  the  old  crystalline  rocks,  which  were  leached  of 
their  iron  contents,  the  oolitic  ore  being  a  chemical  precipitate  on  the 
ocean  floor. 

Smyth  (69)  in  amplifying  this  theory  agrees  with  Hall  as  to  the  source  of 
the  ore.  He  points  out  that  during  Clinton  times  the  drainage  from  the  crys- 
talline area  was  carried  into  a  shallow  sea  or  basin.  When  the  iron  was 
carried  into  these  inclosed  basins,  it  was  slowly  oxidized  and  precipitated, 
gathering  layer  upon  layer  about  the  sand  grains,  thus  forming  oohtio  ore. 


Fig.  139.  —  Typical  profile  of  slope  on  Red  Mountain, 
starting  on  the  iron-ore  out-crop.  Shows  bedded 
character  of  ore.  (After  Burchard^  Amer.  Inst. 
Min.  Engrs.,  BuU.  24.  1908.) 
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Where  the  ferruginous  waters  came  in  contact  with  shell  fragments 
the  iron  was  precipitated  around  these,  either  due  to  a  reaction  with  the 
carbonate  of  lime  in  the  shells,  or  more  often  by  oxidation.  Later  both 
types  of  deposit  became  covered  by  ordinary  sediments  such  as  shales, 
sandstones,  or  even  limestones. 

Additional  evidence  favoring  a  sedimentary  origin  is  the  continuation 
of  the  ore  with  depth,  some  mines  in  Alabama  being  2000  feet  from  the 
outcrop.  Moreover  some  borings  in  Alabama  have  struck  the  ore  i  to  1 
mile  from  the  outcrop  and  400  to  800  feet  below  the  surface.  The  occur- 
rence of  fragments  of  ore  in  the  overlying  limestone  also  points  to  the 
ore  being  laid  down  before  the  lime  rock. 

McCallie  (54),  after  studying  the  Georgia  ores,  while  admitting  their 
sedimentary  origin,  believes  that  the  original  iron  mineral  was  greenalite 
or  glauconite. 

Replacement  Theory.  —  This  theory  assumes  that  the  ores  were  of 
much  later  origin  than  the  inclosing  rock,  and  were  formed  by  the  replace- 
ment of  the  lime  carbonate  by  iron,  brought  in  by  percolating  waters, 
which  had  leached  the  ferruginous  constituents  from  the  overlying  strata. 

The  structure  of  the  formations,  the  comparative  absence  of  iron  in 
the  limestone  overlying  the  ore,  and  restricted  vertical  range  of  the  ores 
have  been  advanced  as  arguments  against  this  theory. 

Rutledge  (58),  however,  as  a  result  of  his  studies  of  the  Clinton  ores  of 
Stone  Valley,  Pennsylvania,  concludes  that  they  represent  replacement  de- 
posits, and  that  the  only  part  of  the  iron  content  which  is  of  sedimentary 
character  is  that  contained  in  the  siliceous  concretions,  most  of  the  iron  hav- 
ing come  from  the  shale  overlying  the  ore  beds ;  the  hematite  deposits  have 
thus  been  formed  by  replacement  of  limestone  and  concentration  of  the 
ore.  The  evidence  presented  in  favor  of  this  view  is:  (1)  the  invariable 
association  of  the  soft,  rich  ore  with  the  leached  decolorized  shales,  and  of 
the  hard,  lean  ores  with  unweathered  bright  shales;  (2)  the  relations  of 
the  ores  to  the  shattered  sandstones  and  to  the  topographic  situation  of 
the  ores ;  (3)  the  fact  that  analogous  replacements  are  now  taking  place 
in  the  Medina;  (4)  the  observed  progressive  steps  in  the  transformation 
of  the  limestone  to  an  ore,  which  may  be  followed  in  the  field,  in  thin 
sections,  and  in  chemical  analyses,  and  (5)  the  absence  of  conditions, 
Buch  as  a  local  crumpling,  including  a  shrinking  of  the  strata,  pointing  to 
a  relative  rather  than  an  absolute  enrichment  of  the  ores. 

In  view  of  the  fact  that  the  advocates  of  the  several  theories  often 
bring  apparently  good  evidence  to  support  their  case,  one  may  perhaps 
question  whether  several  different  methods  of  concentration  have  not 
been  operative.  To  the  author,  it  seems  that  the  sedimentary  mode  of 
accumulation  has  probably  been  the  dominant  one  in  most  cases. 

LIMONITE 

Limonite  (13,  22,  a,  62-72),  or  brown  hematite,  is,  like  magnetite, 
of  little  importance  in  the  United  States  as  compared  with  hematite, 
having  yielded  but  7.2  per  cent  of  the  total  domestic  iron-ore  pro- 
duction in  1908. 
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Fig.  140.  —  Map  showing  distribution  of  limonite  and  siderite  in  the  United  States. 

(After  Harder.) 

Although  deposits  of  limonite  are  widely  scattered  over  the  United 
States  (Fig.  140),  about  nine  tenths  of  the  quantity  produced  comes 
from  five  states,  viz.,  Alabama,  Virginia,  Tennessee,  Georgia,  and 
Pennsylvania;  indeed,  the  first  two  supply  over  50  per  cent  of  the 
total  output. 

Limonites  are  rarely  of  high  purity,  mainly  because  of  the  fact 
they  are  frequently  associated  with  clayey  or  siliceous  matter. 
This  can  sometimes  be  separated  to  a  large  extent  by  washing. 
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Fig.  141.  —  Map  showing  location  of  iron-ore  deposits  in  Virginia.     {After  Harder, 

U.  S.  Geol.  Sun.,  Bull.  380.) 


Plate  XXXVI 


Fia  2.  —  Old  limonitc  pit.  Ivanhoi'.  Va.,  BhuwiDR  pinnnrli^  surfncp  uf  limmtone 
whiph  undprii™  thn  orp-boarina  day.  Thp  Icvrl  of  surface  before  mimng  began 
is  si'cn  on  either  side  of  eicavution.      (H.  Rita,  photo.) 
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limonite  ores  may  occur  under  a  variety  of  conditions  and  asso- 
ciated with  different  kinds  of  rocks,  but  two  important  types  are 
t^oee  included  under  the  reraduai  class  and  occurring  as  irregular 
lumps  and  masses  in  residual  clays,  or  as  gossan  ores.     Other  types 
are    replacement    de- 
posits, bog  ores,  bedded 
deports  of  sedimentary 
character,  etc. 

Re^dusl  Limonites. 
—  The  residual  limon- 
ites  supply  a  large  per- 
centage of  the  domestic 
production,  and  have 
been  fonned  (1)  by  the 
weathering  of  pyritifer- 

ous  sulphide  bodies  (see  wwn 

gossan),  or  (2)  more 
often  by  the  weathering 
of  fem^nous  rocks. 

Gossan  deposiis  (13, 
22  a), —  Limonite  gos- 
san ores  derived  from 
the  oxidation  of  pyrite, 
chalcopyrite,  and  pyr- 

rhotite     deposits     are  

found  at  a  number  of 
locaUties  ia  the  crystal- 
line belt  of  New  Eng- 
land and  the  southern 
Atlantic     states,     but  «ye  o  »y.r«« 

they  are  of  limited  im-    Fw.  142.  — Geologio  scclion  ahowing  poaition  of  iron- 
portance  at  the  present  °"=  depodU  ia  Virgmia.      {After  WaUon,  Min. 

f-  ru,     u  u     c  u-  R"-  y<'--  l*f  ■) 

time.    One  belt  of  his- 
toric  and  former  commercial  importance  is  the  "  Great  Gossan 
Lead  "  found  mainly  in  southwestern  Virginia  (22  a),  and  traceable 
for  over  20  miles,  its  contents  averaging  40  to  41  per  cent  metallic 
iron.     (See  also  Ducktown,  Tenne.ssee,  and  Copper  in  Virginia.) 

Limonite  gossan  ores  are  not  uncommon  in  many  of  the  western 
sulphide  deposits,  and  many  of  them  carry  more  or  less  manganese 
oxide,  some,  as  those  at  Leadville,  having  sufficient  to  be  used  in  the 
manufacture  of  spiegeleisen.     Their  main  use,  however,  is  as  a  Sux 
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in  copper  and  silver  smelting  in  the  western  states.  The  most  im- 
portant ones  are  in  the  Black  Hills,  South  Dakota;  Leadville,  Col- 
orado ;  Neihart,  Monarch,  and  Elkhorn,  Montana ;  the  Tintic  dis- 
trict, Utah ;  Tombstone,  Arizona ;  and  Pioche  and  Eureka,  Nevada. 
LimonUesinResidiud  Clays.  — The  other  class  of  residual  limonites 
has  many  scattered  representatives,  but  the  most  important  ones 
form  a  belt  extending  from  Vermont  to  Alabama  (71,  61),  and 
divisible  into  two  groups,  viz.,  the  mountain  and  the  valley  ores. 
In  these  the  iron  occurs  as  grains,  lumps,  or  masses  scattered  through 
residual  clays,  associated  with  Cambro-Silurian  limestones,  shales, 
and  quartzites. 


FiQ.  143.  —  Vertical  section  showing  the  structure  of  the  valley  brown  ore  deposits 
at  the  Rich  Hill  mine,  near  Red  Island,  Va.  (After  Harder,  U.  S.  GeoL  <Surv., 
BuU.  380.) 

The  mountain  ores  are  located  in  the  eastern  part  of  the  Appala- 
chian limonite  belt,  generally  in  the  Blue  Ridge  or  Appalachian 
Mountains,  or  at  least  near  their  western  edge. 

The  valley  ores  are  closely  associated  with  them  on  the  west,  and 
there  is  no  sharp  line  of  separation  between  the  two.  The  two  tj'pes, 
however,  present  certain  important  differences. 

Thus  the  mountain  ores  usually  form  relatively  small,  discon- 
nected pockets  in  the  residual  material  over  the  Lower  Cambrian 
quartzite,  at  or  near  its  contact  with  the  overlying  formation, 
usually  a  limestone,  while  other  types  of  less  common  occurrence 
are  known.  The  valley  ores,  on  the  other  hand,  form  more  extensive 
though  shallower  deposits  in  residual  clay  overljdng  limestones 
(Fig.  143)  above  the  quartzite. 

In  either  case,  however,  the  ore  is  not  uniformly  distributed 
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through  the  clay,  so  that  individual  pockets  soon  become  worked  out, 
necessitating  the  finding  of  a  new  one. 

Mountain  ores  may  extend  to  a  depth  of  several  hundred  feet, 
but  the  valley  ores  rarelj"  exceed  fifty  feet  in  depth,  and  in  neither 
case  do  the  deposits  as  a  rule  exceed  500,000  tons,  the  average  being 
100,000  to  200,000.  The  ore  may  form  from  5  to  20  per  cent  of 
the  clay  and  sand  in  different  deposits  or  different  parts  of  the 
same  deposit.  Limonite  and  gothite  are  the  two  iron-ore  minerals, 
the  higher  grades  carrying  as  much  as  55  per  cent  metallic  iron, 
but  the  average  shipments  run  about  45  per  cent.  The  mountain 
ores  are  usually  poorer  than  the  valley  ones,  and  phosphorus  is 
generally  high  enough  to  make  the  ore  non-Bessemer. 

The  following  tables  show  the  percentage  range  of  the  chief  oonstitneiitB 
(Huder)  of  I,  mountain  ore,  and  II,  valley  ore:  — 


V^h^ 

P«.'i«. 

Fe 

¥>: •■ 

35.00-50.00 

10.00-30.00 

.10-22.00 

.50-10.00 

40.0(>-56.00 
5.00-20.00 

Mo 

.30-2.00 

While  Virginia  is  the  main  producer  of  residual  limonites,  still 
Alabama's  output  is  of  importance,  and  some  is  also  obtained  from 
Georgia  (67,  72)  and  Pennsylvania  (69). 

Oriffin  of  the  CambroSilurian  Limonites.  —  Both  the  valley  and 
mountain  ores  are  believed  to  have  been  formed  by  the  action  of 
weathering. 


As  the  shale  and  limestones  overlying  the  Cambrian  quartzite 
weathered,  the  iron  oxide  was  set  free,  either  by  the  decomposition 
of  ferruginous  silicates,  or  of  pyrite  or  siderite  in  the  limestones. 
This  was  then  carried  downward  and  concentrated  first  in  the  resid- 
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ual  clays  of  the  limestone,  fonning  the  valley  ores.  If  weathering 
continued  still  deeper,  the  downward  percolating  iron  solutions 
reached  the  impervious  quartzJte,  the  orea  (mountain  type)  becom- 
ing concentrated  in  the  clay  overlying  this,  although  some  was 
deposited  in  crevices  in  the  quartzite. 

Oriskany  Limonitea  {22  o).  —  These  are  so  called  because  of  their 
association  with  the  Oriakany  sandstone.     To  be  more  exact,  they 
are   found    in   the    Lewistown    (Silurian)    limestone,   under    the 
Monterey    (Oriskany)    sandstone,   or    the    Romney    (Devonian) 
shale.    The  main  pro- 
ducing   districts    are 
in  Alleghany  County, 
Virginia,   and    central 
Pennsylvania,  but  local 
depodts  are  found  at 
the   same    horizon   in 
West    Virginia,    Ken- 
tucky, and  Ohio. 

The  deposits    (Fig. 
145)  form  replacements 
in  the  upper  portion 
of  the  Lewistown  lime- 
stone, and  may  extend 
along  the  strike  for  a 
distance     of     several 
miles.     The  thickness 
and  depth  are  variable, 
but  in  some  cases  may 
reach  75  feet  and  600  feet  respectively.     The  formations  in  which 
the  ore  occurs  have  been  folded  and  the  Oriskany  removed  from 
the  crests  of  the  folds  by  erosion,  so  that  the  ore  is  found  along 
the  outcrops  on  the  flanks  of  the  ridges. 

The  Oriakany  ore  resembles  the  mountain  ore  in  texture,  grade, 
and  impurities,  but  differs  from  it  in  formit^  larger  and  more  con- 
tinous  deposits.     It  shades  into  limestone  with  depth. 

Oth«r  Limonlte  Deposits.  —  Id  northwestern  Alabama,  western  Ken- 
tucky, and  Tennessee,  limonite  occurs  in  residual  and  sedimentary  clays 
overlying  the  Miasiasippian  limestone.'  Brown  ore  also  occurs  in  the 
Claiborne  (Tertiary)  formation  of  northeastern  Texas  (65.  70),  and  adjoin- 

:   154,  1907;  and  Hayes  and  Ulrich, 
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ing  parts  of  Louisiana  and  Arkansas.  The  ore  forms  horizontal  beds,  of 
slight  thickness  but  some  extent.     It  is  of  little  value. 

In  the  Ozark  region  of  Missouri  and  Arkansas  (73),  limonites  are 
found  in  residual  olays  over  Cambrian  limestone,  but  are  of  little  economio 
value. 

Small  deposits  are  known  in  Iowa  (63),  Wisconsin  (62),  Minnesota, 
and  Oregon  (12). 

The  analyses  on  page  386  give  the  composition  of  limonites  from 
a  number  of  different  localities. 

The  brown  ores  of  the  Appalachian  belt  are  much  used  by  pig  iron 
manufacturers  because,  owing  to  their  siliceous  character,  they  can  be 
mixed  with  high-grade  Lake  Superior  ores  which  are  deficient  -in  silica. 
They  are  also  cheaper,  and  their  mixture  with  other  ores  seems  to  facili- 
tate the  reduction  of  the  iron  in  the  furnace. 

SIDERITE 

Siderite  (74-78)  is  the  least  important  of  all  the  ores  of  iron  mined  in  the 
United  States,  both  on  account  of  the  small  extent  of  the  deposits  (Fig.  140) 
and  its  low  iron  contents.  When  of  concretionary  structure  with  clayey 
impurities,  it  is  termed  day  ironstone^  and  these  concretions  are  common 
in  many  shales  and  clays.  In  some  districts  siderite  forms  beds,  often  sev- 
eral feet  in  thickness,  but  containing  much  carbonaceous  and  argillaceous 
matter,  and  is  known  as  black  hand  ore.  This  is  found  in  many  Car- 
boniferous shales. 

Iron  carbonate  in  bedded  deposits  is  found  in  the  Carboniferous  rocks 
of  western  Pennsylvania,  northern  West  Virginia,  eastern  Ohio,  and  north- 
eastern Kentucky.  These  ores  were  formerly  the  basis  of  an  important 
iron-mining  industry,  but  little  is  obtained  now  except  in  southeastern 
Ohio  (12). 

Concretions  and  layers  of  iron  carbonate  occur  in  the  Cretaceous  clays 
of  Maryland  (10)  and  were  formerly  mined  somewhat  extensively  in  the 
vicinity  of  Baltimore  and  Washington.  Small  deposits  are  also  known  in 
the  Chickamauga  (Ordovician)  limestone  of  southwestern  Virginia  (22  a). 
In  the  western  states  iron  carbonate  nodules  are  found  associated  with 
the  Laramie  (Cretaceous)  formation  in  Colorado  and  northern  New  Mex- 
ico, but  they  possess  no  commercial  value  (12). 

Production  of  Iron  Ores.  —  The  iron-ore  mining  industry  in  the 
United  States  has  progressed  with  phenomenal  strides,  and  this 
country  now  leads  the  world  in  the  production  of  iron  ore.  Indeed 
so  great  has  the  production  become  that  in  1903  it  was  equal  to  the 
combined  output  of  Germany  and  Luxemburg  and  the  British 
Empire  for  1902.  Moreover,  the  average  iron  content  of  the  ore 
mined  in  the  United  States  is  higher  than  that  mined  in  foreign 
countries,  thereby  resulting  in  the  production  of  a  greater  amount  of 
pig  iron  from  a  given  quantity  of  ore. 
2c 
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Fio.  146.  —  Diagram  showing  the  production  of  iron  ore,  pig  iron,  and  steel  in  the 

United  States,  1870  to  1909.     {After  Harder,) 

The  phenomenal  growth  of  the  iron-mining  industry  is  shown  in 
the  following  table:  — 


Dkcabb 

Quantity 

Pbrcentaok  or 
Incrbasb 

1870-1879       

1880-1889 

1890-1899       

1900-19091     

Long  toriM 

43,770.527 

91,043,854 

163,989,193 

1 392,000,000 

108.0 

80.1 

138.0 

1  Approximate. 
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The  Lake  Superior  region  is  now  producing  at  least  three  quarters 
of  the  iron  ore  used  in  the  United  States,  and  it  lias  lai^  reserves 
of  ore,  although  the  high-grade  ones  are  becoming  rapidly  ex- 
hausted. The  low-grade  ores  of  this  region  and  others  will,  how- 
ever, be  available  for  a  much  longer  time. 

While  there  is  not  danger  of  the  present  supply  of  ore  soon  becom- 
ing exhausted,  still,  with  the  present  consumption,  it  is  well  to  con- 
sider possible  aources  of  the  future. 

In  the  United  States  the  Utah  and  some  other  western  deposits 
will  no  doubt  he  drawn  upon,  and  many  ores  now  looked  upon  as  too 
low  grade  to  work  will  also  be  considered.  Aside  from  domestic 
sources  of  supply  there  are  foreign  ones  wliich  may  perhaps  be  even- 
tually turned  to,  such  as  those  from  Canada,  Newfoundland,  and 
Brazil  on  this  side  of  the  Atlantic,  or  even  those  of  Scandinavia  on 
the  European  sdde.  In  the  last-mentioned  country  especially, 
attention  has  been  drawn  in  the  last  few  years  to  magnetite  deposits 
located  well  within  the  Polar  circle  and  of  stupendous  size. 


Production  c 


LoKO  Tons 


a  States  from  1904  to  1908  — 


1004 

190S 

1906              1901 

1908 

Hematite     .    . 
Brown  ore   .    . 
Magnetite    .    , 
Carbonate   .    . 

23.839.477 

2,146.796 

1.638.846 

19.212 

37,567,055 

2,646,662 

2,390,417 

21,999 

42,481,375 

2,781,063 

2.469,294 

17,996 

46,060,480 

2,957.477 

2.679,067 

23,589 

31,788,564 

2.620.390 

1,547,797 

26,585 

Total   .    .    . 

27.644.330 

42,526.133 

47.749.728 

51.720.619 

35.983,336 

PRODncTioN  OF  Iron  Ore  in  the  Morg  Important  States 

FROM  1904  TO  1906 


Paotuylvaid 
New  Jerwty 
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r  Iron  Ore  in  tbb  More  Iupohtant  States 
FROM  1907-1908 


1907 

1908 

Lo»aTo« 

VAini 

I..™  TON. 

v..™ 

M,.«,u 

28.969.6SS 

I78,66S,SM 

18,flS2,Z20 

»4!,3I3.974 

NewTiSJ?" 

es 

r  Ranqes,  1898-1908,  in 


YlAIt 

MABOntlTB 

Mehohihh 

Goonic 

VumtuoH 

MUABI 

TOTAl. 

808 

i3T7n308 

906 

*■ 

57 

IBOS 

3.: 

3.;      31 

uss 

Sxum  or  Mm 


Hull  Ruat  .  . 
Burt  .... 
Payal  .  .  . 
R«d  Mountain  O  roup 
Adams  .  .  . 
Newport      .     . 

Virginia  .  . 

Mahoning  .  . 

Morris    .  .  . 

Pioneer  .  .  . 

Stevenson  .  . 


Hibbing,  Minn. 

do. 
Eveleth,  Minn. 
Besaemer,  Ala. 
Eveleth,  Minn. 
Ironwood,  Mich. 

do. 
Vi^nia,  Minn. 
Hibbing,  Minn. 

do. 
Ely,  Minn. 
Hibbing,  Minn. 


2,926,6 
1,461,0 
1,450,8! 
l,329,ff 
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Imports  and  Exports  op  Iron  Orb  into  and  from  the  United  States, 

1907-1908 


1907 
1908 


IMPORTS 


Long  Tons 


1,229,168 
776,898 


Value 


$3,937,483 
2,224,248 


EXPORTS 


Long  Tons 


278,608 
309,099 


Value 


$763,422 
1,012,924 


World's  Production  op  Iron  Orb  for  1907 


United  States  .     .     . 

Germany    and    Lux- 
emburg   . 

Great  Britain 

Spain      .     . 

Prance    .     . 

Russia    .     . 

Sweden  .     . 

Austria-Hungary 

Canada-Newfound- 
land    .... 


Tons 


51,720,619 » 

27,697,128 
15,731,614* 
9,896,178 
10,008,478 
5,700,000 
4,480,070 
4,356,804 

887,321 1 


Cuba   . 
Algeria 
Greece 
Italjr    . 
Belgium 
China  . 
India    . 
Japan  . 
Norway 
Australia 


Tons 


658,331 » 
973,445 
768,863 
517,952 
316,250 
33,306 
67,667 

140,804 
3000» 


^  Long  tons;  other  figures  represent  metric  tons. 

Xron-ore  Reserves  (3).  —  As  a  result  of  the  recent  agitation  over  the 
conservation  of  our  mineral  resources,  attempts  have  been  made  by  the 
United  States  Geological  Survey  to  estimate  the  quantity  of  both  at  present 
available  and  non-available  ore  still  remaining  in  the  ground.  That  such 
estimates  can  only  be  very  approximate  is  self-evident,  partly  because  the 
irregularity  of  most  iron-ore  deposits  makes  it  difficult  to  estimate  their 
contents.  Bedded  ores  like  those  of  the  Clinton  can  be  most  closely 
figured  on,  while  in  the  case  of  the  Adirondack  ores  there  may  be  an  error 
of  15  to  20  per  cent. 

The  estimate  of  availability  is  influenced  by  the  cost  of  ore  delivered  at 
furnace,  cost  of  reduction,  and  accessibility;  and  any  of  these  factors  might 
change  at  no  distant  future. 

The  metallic  iron  content  of  ores  now  used  ranges  from  about  30  to  65 
per  cent,  this  wide  variation  being  due  in  part  to  character  of  other  ele- 
ments in  the  ore,  and  in  part  to  favorable  location.  Thus  the  Clinton  ores, 
running  as  low  as  30  per  cent  iron,  can  be  used,  because  their  high  lime 
content  makes  them  practically  self -fluxing,  but  they  must  be  used  near  the 
point  of  production. 

Siliceous  ores  running  under  40  per  cent  iron  are  not  at  present  avail- 
able unless  located  near  fuel  supplies,  because  they  will  not  bear  the  cost 
of  transportation  and  are  expensive  to  reduce. 
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Estimates  of  Iron-ore  Supplies  of  the  United  States 


MAGNETIC  ORES 

COMICBRCIAL   DlBTRICTfl 

(States) 

NONTITANIFEROUS 

TlTANIFEROUS 

Available 

Not  Available 

Available 

Not  Available 

1.  Northeastern 

2.  Southeastern       

3.  Lake  Superior 

4.  Mississippi  Valley    .... 

5.  Rocky  Mountain     .... 

6.  Pacific  Slope        

Long  Tons 

160,000,000 
1  12.500,000 

• 

1  51,485.000 
»  68,950,000 

Long  Tons 

111,500,000 

23,000.000 

4.500.000.000 

U  1.5,440,000 
11,800.000 

Long  Tons 
90,000,000 

Long  Tons 
100,000.000 

25,000,000 

1,500,000 
2.000.000 

292,935,000 

4,761,740.000 

90,000,000 

128.500,000 

hematite  ores 

commebcial  districts 
(States) 

Specular  and  Red 

Clinton 

Available 

Not  Available 

Available 

Not  Available 

1.  Northeastern 

2.  Southeastern 

3.  Lake  Superior 

4.  Mississippi  Valley    .... 

5.  Rocky  Mountain     .... 

6.  Pacific  Slope        

Long  Tons 

2,000,000 

8,000,000 

3.500.000,000 

15,000,000 

4,275,000 

Long  Tons 

2,000.000 

53,000,000 

67,475,000,000 

10,000,000 

2,100,000 
10,000,000 

Long  Tons 

35,000,000 

463,540,000 

10,000,000 

Long  Tons 

620,000,000 

970,500,000 

30,000,000 

3,529,275.000 

67.552,100,000 

508.540,000 

1.620,500,000 

^  Includes  some  hemntito. 


CoicicERCiAL  Dis- 

Brown Ores 

Carbonate  Ores 

Total  Supplies 

tricts  (States) 

Available 

Not 
Available 

Avail- 
able 

Not 
Available 

Available 

Not 
Available 

1.  Northesstem  .     . 

2.  Southeastern    .     . 

3.  Lake  Superior  .     . 

4.  Mississippi  Valley 

5.  Rocky  Mountain 

6.  Pacific  Slope    .     . 

Ix>ng  Tons 

11,000,000 
54,400,000 

300,000.000 
2.000.000 

Long  Tons 

13,500,000 
168,000,000 

560,000,000 

1,625,000 

105,000 

Long 
Tons 

Long  Tons 

248,000,000 
62,000.000 

310,000.000 

Long  Tons 

298,000,000 

538.440.000 

3,510,000,000 

315,000,000 

57,760,000 

68.950,000 

Long  Tons 

1,095,000,000 

1,276,500.000 

72,030,000,000 

670,000.000 

120,665.000 

23,905,000 

367,400,000 '  743,230,000 

4,478,150,000 

7.-1,116,070,000 

1.  Vermont,  Massachusetts,  Connecticut.  New  York,  New  Jersey,  Pennsylvania,  Maryland, 
Ohio. 

2.  Virginia,  West  Virginia,  eastern  Kentucky,  North  Carolina,  South  Carolina,  Georgia,  Ala- 
bama, east  Tennessee. 

3.  Michigan,  Minnesota,  Wisconsin. 

4.  Northwest  Alabama,  west  Tennessee,  west  Kentucky.  Iowa,  Missouri,  Arkansas,  east  Texas. 

5.  Montana,  Idaho,  Wyoming,  Colorado,  Utah,  Nevada,  New  Mexico,  west  Texas,  Arisona. 

6.  Washington,  Oregon,  California. 
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So,  too,  the  amount  of  other  constituents  present,  such  as  phosphorus, 
sulphur,  copper,  chromium,  manganese,  and  alumina,  exert  a  determining 
influence  on  the  cost  of  production  and  quality  of  the  iron. 
I  Two  tendencies  are  noticeable  in  the  iron  industry  of  the  present  day, 
viz.,  the  use  of  ores  with  a  lower  average  iron  content,  and  the  decentraliza- 
tion of  the  iron  industry. 

This  involves  a  corresponding  increase  in  the  cost  of  transportation  per 
unit  of  iron,  and  an  increase  in  the  proportion  of  fuel  which  goes  to  the  ore- 
producing  region.  An  accompaniment  of  this  will  be  the  general  adoption 
of  by-product  coking,  and  Hayes  points  out  that  in  certain  furnaces  now 
operating  in  the  Lake  Superior  district  the  profit  corresponds  approxi- 
mately to  the  value  of  the  by-products  from  the  coke  ovens. 

The  table  on  page  391  gives  a  siunmary  of  Hayes'  estimates  of  domestic 
iron  ore  reserves  by  commercial  districts  and  varieties  of  ores. 
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COPPER 

Ore  Minerals  of  Copper.  — Copper-bearing  minerals  are  not  only 
numerous,  but  widely  though  irregularly  distributed.  More  than 
thiS;  copper  is  found  associated  with  many  different  metals  and 
under  varied  conditions. 

Nevertheless  but  few  copper-bearing  minerals  are  important  in 
the  ores  of  this  metal,  and  the  number  of  important  producing  dis- 
tricts is  comparatively  small. 

The  ore  minerals  of  copper  together  with  their  theoretic  composi- 
tion and  percentage  of  copper  are  as  follows :  — 


Obs  Moveral 

CoMPOflinoN 

Per  Cent  Cn. 

Chalcop^rite    .... 

CuFeSj 

24.5 

Chaloocite  .     . 

Cu,8 

79.8 

Bomite  .     . 

Cu,FeS, 

55.58 

EnarKite 
CoveUite     .     . 

3CusS,  2A8iSt 
CuS 

48 
66.5 

Tetrahedrite    . 

CuShSi 

30.40 

Tennantite 

CusAssSt 

57 

Native  copper 

Cu 

100 

Azurite  .     .     . 

2  CuCO,,  Cu(OH), 

61 

Malachite   .     . 

CuCC,  Cu(OH), 

62 

ChrysocoUa 

CuSiC,  2  H,0 

45.2 

Cuprite  .     .     . 
Melaoonite .     . 

Cu,0 

88.8 

CuO 

79.84 

Brochantite 

CUSO4,  3  Cu(OH,) 

62.42 

Ataoamite  .     . 

Cu(OH)Cl  Cu(OH), 

59.45 

Chaloanthite    .... 

CUSO4,  5H,0 

25.4 

In  the  unaltered  portion  of  the  ore  body  the  copper  compounds 
are  mainly  sulphides,  but  arsenides  and  antimonides  are  also  known. 
In  the  gossan  the  copper  occurs  as  carbonates,  sulphates,  silicates, 
oxides,  native,  and  more  rarely  as  phosphates,  arsenates,  antimo- 
nates  and  vanadates. 

Gangue  Minerals,  —  Quartz  is  the  commonest  gangue  mineral,  but 
calcite  and  siderite  are  abundant  in  a  few ;  barite,  rhodochrosite, 
and  fluorite  are  also  known.  Sericite  is  found  in  some  veins,  and  so 
is  tourmaline  in  certain  tin-copper  and  gold-copper  ones. 
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Metallic  impurities  may  be  present  which  cause  trouble  in  the  reduc- 
tion of  the  ores.  Of  these  zinc  is  the  most  objectionable,  but  bismuth, 
though  rare,  is  also  very  undesirable,  but  can  be  eliminated  by  electrolytio 
refining.  Arsenic,  antimony,  tellmrium,  and  selenium  are  partially  elim- 
inated in  smelting,  but  must  be  completely  removed  by  electrolytio 
methods  to  make  the  copper  pure  enough  for  electrical  work. 

Tellurium  is  not  uncommon  in  some  districts,  and  renders  the  metal 
red-short  even  in  small  amounts.  Silver,  even  if  present  in  as  small 
amounts  as  .5  per  cent,  lowers  the  electric  conductivity,  and  above  3  per 
cent  affects  the  toughness  and  malleability  of  the  copper.  Sulphur  up  to 
.25  per  cent  lowers  the  malleability  and  .5  per  cent  renders  the  metal 
cold-short,  while  .4  or  more  per  cent  phosphorus  makes  it  red-short. 

A  high  percentage  of  silica  is  detrimental,  as  it  requires  too  much  basic 
flux. 

Most  of  the  copper  ores  now  worked  are  of  low  grade,  but  can  be 
profitably  treated  because  of  the  extent  of  the  operations  and  pos- 
sibility of  concentration.  Occasionally  low-grade  ores  are  found 
which  are  self-fluxing,  as  those  of  the  Boundary  District  of  western 
Canada.  The  introduction  of  pyritic  smelting  has  permitted 
the  profitable  treatment  of  low-grade  pyritic-copper  ores,  even  if 
they  carry  no  gold  or  silver.  Complex  ores  of  copper,  lead,  and  zinc 
sulphides  are  more  costly  to  treat,  but  this  expense  may  be  more 
than  made  up  for  by  their  gold  and  silver  contents. 

Very  few  ores  approach  the  theoretic  percentages  given  above. 
Thus  in  Michigan,  where  native  copper  is  the  ore  mineral,  this  as 
now  mined  rarely  averages  above  1  per  cent  metallic  copper,  and  may 
fall  as  low  as  .6  per  cent.  At  Butte,  Montana,  the  copper-bearing 
minerals  are  chalcocite,  enargite,  bornite,  and  chalcopyrite,  but 
much  of  the  ore  does  not  usually  contain  more  than  5  or  6  per 
cent  metallic  copper,  and  in  rarer  instances  12  per  cent. 

Copper  ores  are  found  in  many  formations  ranging  from  the  pre- 
Cambrian  to  the  Tertiary,  but  grouped  according  to  their  mode  of 
origin  they  fall  mostly  into  one  of  the  four  following  groups  (2)  :  — 

1.  Magmatic  segregations.  No  workable  deposits  of  this  type  are 
known  in  the  United  States,  but  primary  chalcopyrite  is  known  to 
occur  in  some  localities. 

2.  Contactrmetamorphic  deposits,  in  crystalline,  usually  gamet- 
iferous  limestone,  along  igneous  rock  contacts.  (Clifton-Morenci 
district,  Arizona;  Bingham  Cafion,  Utah,  etc.) 

3.  Deposits  formed  by  circulating,  usually  ascending  and  probably 
hot  waters,  the  ores  being  deposited  in  fissures,  pores,  spaces  of 
brecciation,  or  sometimes  by  replacement  of  the  rock. 

4.  Pod-  or  lens-shaped  deposits  in  crystalline  schists,  which  may 
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represent  concentration  of  material  from  a  disseminated  condition 
in  the  surroimding  rocks,  or  in  some  cases  are  thought  to  be  meta- 
morphosed contact  deposits. 

While  the  third  and  fourth  groups  include  all  the  largest  deposits 
of  the  world,  still  these  in  all  cases  do  not  owe  their  economic  impor- 
tance to  the  mode  of  formation,  but  rather  to  secondary  changes 
which  have  taken  place  in  them,  resulting  in  a  leaching  of  the  copper 
in  the  upper  part  of  the  mass,  as  copper  sulphate,  and  its  transfer- 
ence to  lower  levels,  where  it  is  redeposited  through  the  influence  of 
copper  sulphide,  iron  compounds,  or  limestone. 

Superficial  Alteration  of  Copper  Ores  (3»  18).  —  This  may  produce 
results  of  great  economic  importance,  and  excellent  examples  of  it 
are  seen  in  some  of  the  Arizona  ores,  where  the  upper  portions  of  thQ 
copper  deposits  are  brown  or  black  ferruginous  porous  masses, 
brightly  colored  with  oxidized  copper  minerals  such  as  cuprite, 
malachite,  azurite,  and  chrysocolla,  while  below  this  at  a  variable 
depth  they  pass  into  sulphides. 

In  weathering,  the  copper  minerals,  such  as  chalcopyrite  or  other 
sulphides,  are  usually  oxidized  first  to  sulphates,  and  subsequently 
changed  to  oxides,  carbonates,  or  silicates,  and  occasionally  even 
to  chlorides  and  bromides.  A  concentration  of  the  ore  deposit  may 
take  place  partly  by  segregation  and  partly  by  leaching,  and  pockets 
of  the  ore  form,  which  are  surrounded  by  oxidized  iron  minerals  form- 
ing part  of  the  gangue. 

* 

While  the  oxidation  will  not  increase  the  total  copper  contents 
of  the  ore  body,  still  it  may  change  it  into  a  more  concentrated  form, 
for  the  carbonates  and  other  oxidized  copper  minerals  contain  more 
copper  than  the  original  sulphide.  The  ore  in  the  gossan  may 
therefore  run  from  8  to  30  per  cent  or  more,  while  below  it  may 
show  only  5  per  cent  of  copper  (see  Penrose  under  ore  deposit 
refs.).  These  altered  ores  cannot,  however,  be  more  cheaply  treated. 
If  leaching  follows  oxidation,  the  gossan  may  be  freed  of  its 
ore,  as  at  Butte,  Montana,  where  the  upper  part  of  the  ore-bearing 
fissures  is  poor  siliceous  gangue.  Secondary  enrichment  may  also 
occur  below  the  water  level,  giving  chalcocite,  chalcopyrite,  and 
bomite  of  later  origin.* 

Distribution  of  copper  ores  in  the  United  States  (Fig.  147).  — 
About  80  per  cent  of  the  copper  produced  in  the  United  States  in 
1908  was  obtained  from  three  states,  viz.  Arizona,  Montana,  and 
Michigan,  named  in  the  order  of  their  output,  nearly  all  of  the  rest 

'  Both  chalcopyrite  and  bomite  are  often  regarded  as  primary  sulphides. 
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coming  from  the  Appalachians  and  Cordilleraa  area ;  the  ores  of  the 
latter  are  often  worked  chiefly  for  their  gold  contents,  with  copper 
aa  a  secondary  product. 

Only  the  more  important  districts  can  be  taken  up  here,  these  being 
representative,  however,  of  several  different  t3T)es  of  occurrence. 

Montana  (46-50).  — The  mining  camp  of  Butte,  which  is  not 
only  the  most  important  district  in  the  state,  but  probably  also  the 
greatest  copper  producer  in  the  world,  lies  in  southwestern  Mon- 
tana, and  in  the  central  part  of  the  Rocky  Mountain  region. 


The  ores  are  mainly  secondary  sulphides  occurring  in  fissure  veins 
(Figs,  148,  ]  50)  formed  by  replacement  along  shear'  zones  in  Ter- 
tiary igneous  rocks,  and  while  copper  veins  are  the  most  important, 
the  district  also  contains  argentiferous  ones. 

The  Tertiary  igneous  rocks  (Figs.  149,  150),  named  in  their  order 
of  formation,  include :  (1)  a  dark  basic  granite  or  quartz  monzonite, 
known  as  the  Butte  granite ;  (2)  dikes  and  irregular  intrusions  of  a 
white  aplite,  termed  the  Bluebird  granite ;  (3)  a  quartz  porphyry 
cutting  both  granites ;  (4)  rhyolite  of  both  intrusive  and  extrusive 
character,  dikes  of  which  cut  the  ore  veins. 

There  are  also  some  lake  beds,  and  the  Butte  granite  is  surrounded 
by  sediments  and  partly  covered  by  an  earlier  andesite,  but  the  last 
two  do  not  appear  in  the  ore  district. 

The  rocks  of  the  district  are  cut  by  many  joints,  belonging  to 
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three  systems,  viz.  an  east-west,  northwest-southeast,  and  northeast. 
The  first  series  is  displaced  by  both  of  the  later  ones,  and  while  the 
fissures  of  the  first  two  series  are  heavily  mineralized,  the  third 
carries  but  little  endogenous  ore. 

The  copper  veins,  which  are  mainly  replacements  along  fissures 
in  the  sheeted  granite,  and  were  first  worked  for  silver,  consist  in 
in  their  upper  part  (200  to  400  feet)  of  iron-stained  quartz  with  but 
little  copper,  while  below  this  are 
found  chalcocite,  enargite,  bor- 
nite,  cupriferous  pyrite,  and  more 
rarely  covellite  and  tetrahedrite. 

Of  these  the  chalcocite  forms 
more  than  50  per  cent  of  the  ores 
of  the  camp,  and  the  enargite  a 
good  deal  less  than  one  half,  while 
the  bomite  and  cupriferous  pyr- 
ite sometimes  form  a  noticeable 
proportion  of  the  ore. 

The  concentrates  average  about 
8  per  cent,  and  the  richness  of  the 
ore  in  any  one  mine  may  vary 
from  year  to  year.  Thus  in  one 
mine  the  first-class  ore  averaged 
about  8  per  cent  in  1905  and 
1906,  while  in  1908  and  1909  it 
exceeded  21  per  cent  copper.* 

The  ores  contain  about  2\  cents 
of  gold  and  .0375  ounces  silver 
per  pound  of  copper.  Arsenic  is 
present,  but  is  not  saved,  and 
tellurium  is  also  said  to  occur  in 
very  small  amounts  (Weed). 

Quartz  is  the  gangue  in  all. 
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a.  OXIDIZED  ZONE 

b.  CHALCOCITE 
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d.  PYRITE 
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/.  BORNITE 
a.  CHALCOCITE 


\  ;  ^x]  QUARTZ  PORPHYRY 

Fig.  148.  —  Section  at  Butte,  Mont., 
showing  mode  of  occurrence  of  ore. 
{After  Winchell,  Eng,  and  Min. 
Jour.,  LXXVIII.) 


It  is  supposed  that  in  the  copper  veins  the  hot  ore-bearing  solu- 
tions ascended  the  fractures  in  the  granite,  replacing  the  rock  by  ore, 
and  resulting  in  an  intense  alteration  of  the  walls ;  the  hornblende  and 
mica  were  changed  to  pyrite,  and  the  feldspar  to  sericite  and  quartz. 

While  the  primary  ore  was  chalcopjrite  and  pyrite,  the  enormous 
secondary  bodies  of  chalcocite  have  made  the  district  famous.  The 
enargite  appears  to  increase  with  depth. 

^A.  H.  Wethey,  private  communication. 
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Fia.  14B.  —  Map  of  eastern  part  oF  Butte,  Moot.,  diBtrict  showJDg  distribution  of 
veins,  and  geology.     {U.  3.  QcA.  Surv.) 

The  veins  exhibit  a  cmioua  uniformity  of  direction  (Fig.  149), 
most  of  them  striking  nearly  east  and  west,  and  few  of  them  depart- 
ing more  than  15"  to  20°  from  the  vertical ;  still  they  show  consider- 
able variation  in  width,  ranging  from  a  few  feet  to  50,  or  even  150 
where  the  altered  country  rock  is  impregnated  with  glance.  Unfor- 
tunately, the  complexity  of  the  veins  and  uncertainty  of  boundaries 
has  given  rise  to  much  costly  litigation  in  the  district. 
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The  silver  veins,  which  are  of  subordinate  importance,  surround 
the  copper  deposits  on  the  north  and  west,  and  while  formed  by 
magmatic  waters  like  the  copper  deposits,  differ  from  them  in  being 
fissure  fillings  with  a  characteristic  crustified  structure,  as  well  as  in 


Fio.  150.  —  Section  across  veins  of   Pennsylvania,  Rams,   Mountain  View,  and 
West  Colusa  mines,  Butte,  Mont.     {From  Weed  Copper  Mines  of  the  World,) 


their  mineral  contents.  Their  outcrops  show  quartz  stained  with 
black  manganese  oxide,  but  lower  down  they  carry  argentite,  spha- 
lerite, p3Tite,  and  some  galena,  in  a  quartz,  rhodonite,  rhodochrosite 
gangue: 

The  history  of  this  mining  camp  is  full  of  interest.  Butte  in  1864  was 
a  gold  camp,  but  difficulties  in  working  the  gravels  directed  attention  to 
the  mineral-vein  outcrops,  and  unsuccessful  attelnpts  were  made  to  work 
their  copper  and  silver  contents,  so  that  it  was  not  until  1875,  following 
a  period  of  quiescence,  that  the  discovery  of  rich  silver  ore  in  the  Travona 
lode  revived  the  mining  industry  of  Butte.  In  1877  several  silver  mines 
were  opened,  followed  by  others;  but  this  did  not  last  many  years,  for 
with  the  drop  in  the  price  of  silver  many  mines  dosed,  although  one,  the 
Bluebird,  had  produced  2,000,000  ounces  of  silver  from  1885  to  1892. 

The  copper  mines  were  worked  to  only  a  limited  extent  at  first,  and 
the  industry  did  not  assume  permanence  until  1879-1880,  when  matte 
smelting  was  introduced.  In  1881  the  Anaconda  mine,  which  was  first 
worked  for  silver,  began  to  show  rich  bodies  of  copper  ore,  and  since  then 
the  output  of  copper  has  steadily  increased,  there  being  a  number  of  largfe 
smelting  plants  distributed  between  Butte,  Anaconda,  and  Great  Falls. 
2d 
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W.  H.  Weed  has  esti- 
mated that  up  to  January 
I,  1897,  the  district  had 
yielded  500,000  ounces  of 
^Id.  100,000,000  ounces 
of  silver,  and  1,600,000.- 
000  pounds  of  copper. 
In  1887  Butte  passed  the 
Lake  Superior  District  in 
the  production  of  copper, 
and  has  kept  ahead  of  it 
ever  since,  having  in  1903 
produced  38.9  per  cent 
of  the  United  States  pro- 
duction. In  1907  it  was 
passed  by  Arizona,  and 
remained  in  second  place 
in  1908,  when  it  produced 
252,503,651  pounds  of 
copper,  or  26.6  per  cent 
of  the  total  output  of  the 
United  Stat«s. 

Michigan  (35^. 
—  This  region,  which 

■qawaa™   «uMnturM,n       uiuii.  WHS  discovtTcd  in  1830 

r^T     ^®a      HMF      ^^  by  Douglas  Houghton, 

has  become  one  of  the 
most  famous,  as  well 
as  one  of  the  leading,  copper-producing  districts  of  the  world. 

The  rocks  of  the  region,  known  as  the  Keweenaw  series,  consist  of 
interbedded  lava  flows,  sandstones,  and  conglomerates,  the  latter  being 
rounded  fragments  of  igneous  rocks,  mainly  reddish-quartz  porphyry. 


GEOLOGICAL  CROSS-SECTIOH  OF  THE  COPPER  MINING  REGION 
Fio.  152.  —  Section  acron  Keneenitw  Point.   Mich.     (After  Richard.) 

This  series  of  beds,  whose  entire  thickness  may  be  from  25,000 
to  30,000  feet,  dips  westward  fFig.  152)  from  35  to  70  degrees,  being  . 
overlain  conformably  on  the  west  by  sediments,  while  on  the  east 
they  are  faulted  up  against  the  horizontal  Potsdam  sandstones. 
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These  beds  form  a  belt  2  to  6  miles  wide,  which  extends  from 
Houghton  to  the  end  of  the  Keweenaw  p)eninsula,  and  rises  as  a  ridge 
from  400  to  800  feet  above  the  lake  (PL  XXVIII). 

The  ore,  which  is  native  copper,  and  is  occasionally  associated 
with  native  silver,  occurs  (1)  as  a  cement  in  the  conglomerate  of 
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Fio.  153.  —  Map  of  a  portion  of  the  Michigan  copper  district,  showing  strike  of  lodes. 

porphyry  pebbles,  or  replacing  the  latter;  (2)  as  a  filling  in  the 
amygdules  of  the  lava  beds  (Fig.  154),  (3)  as  masses  of  irregular  and 
often  large  size,  in  veins  with  calcite  and  zeolitic  gangue. 

The  tilting  of  the  beds  has  been  accompanied  by  some  slipping 
and  cross  faulting,  and  the  presence  of  copper  in  cross  joints  and  slip 
planes  indicates  later  deposition. 

The  veins,  which  cut  both  the  igneous  and  sedimentary  rocks, 
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have  yielded  much  copper  in  fonner  years,  and  the  large  r 
obt^ned  from  them  have  made  the  regioo  famous ;  but  at  the  pres- 
ent time  most  of  the  production  comes  from  the  Calumet  conglom- 
erate, while  the  balance  comes  from  two  other  copper-bearing 
conglomerates  known  aa  the  Albany  and  the  Allouez,  and  from  the 
aahbeds  and  amygdaloids,  whose  gas  cavities  are  filled  with  a  mix- 
ture  of  native  copper,  calcite,  and  zeolites. 

A  curious  and  hitherto  unexplained  feature  is  the  irregular  distri- 
bution of  the  copper  in  the  different  beds,  which  may  be  due  to  the 
copper  solutions  being  directed  by  certain  joints  or  slip  planes. 
Thus  the  Calumet  conglomerate  carries  practically  no  ore  outside 
of  the  Calumet  and  Hecla  ore  shoot,  which  is  three  miles  long,  12-15 
feet  thick,  and  has  been  mined  to  a  depth  of  5000  feet. 


Various  theories  have  been  brought  forward  to  account  for  the 
ori^n  of  the  copper  ores  in  this  region. 

The  diabase  was  looked  upon  by  Pumpelly  as  a  possible  source  of 
the  ore,  and  since  its  extensive  alteration  was  no  doubt  accompanied 
by  the  oxidation  of  protoxides,  this  might  account  for  the  reduction 
of  copper  mineral  to  the  native  or  metallic  condition,  it  being  known 
that  ferrous  salts  may  precipitate  metallic  copper  (1).  More 
recently  Lane  (39,  40)  has  suggested  that  originally  buried  water  haa 
also  been  an  important  factor  in  concentration,  but  agrees  that  the 
final  precipitation  was  by  water  working  downward. 

Lane  has  pointed  out  that  the  mine  waters  show  a  striking  increase 
in  chlorine  with  depth,  in  fact  there  is  more  than  enough  to  satisfy 
the  sodium  present,  and  it  is  contained  in  relatively  large  amounts 
of  calcium  chloride.  Moreover,  the  molecules  of  sodium  chloride 
decrease  steadily  with  depth,  while  those  of  calcium  chloride  increase. 
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He  therefore  suggests,  and  his  views  are  backed  by  chemical 
experiments,  that  the  basalt  flows  originally  contained  small  p)er- 
centages  of  copper ;  that  while  still  heated  they  no  doubt  absorbed 
sea  water  charged  with  sodium  chloride,  and  in  later  times  atmos- 
pheric waters  not  containing  any^  but  obtaining  it  as  they  seeped 
through  the  rocks. 

These  waters,  rich  in  NaCl,  migrated  downward,  taking  copper  in 
solution  as  copper  chloride.     . 

Reactions  with  the  glassy  base  or  original  minerals  of  the  volcanic 
rocks  gave  rise  to  the  formation  of  sodium  siUcates,  accompanied 
by  precipitation  of  copper  and  formation  of  calcium  chloride. 
Descending  solutions  from  wide  areas  became  concentrated  along 
lines  favorable  to  underground  circulations,  and  hence  shoots  of 
relative  richness  resulted.  It  is  supposed  that  certain  faults  and 
sUps  guided  these  waters. 

The  theory,  although  reasonable  and  backed  by  laboratory  experi- 
ments (2),  may  not  be  universally  accepted,  and  some  observers 
believe  that  these  deep-seated  waters  with  their  peculiar  composition 
are  very  likely  of  magmatic  origin. 

Although  these  deposits  have  been  worked  in  prehistoric  times,  as 
evidenced  by  copper  implements  and  ornaments  found  in  the  mines,  the 
famous  Calumet  and  Hecla  Mine  was  not  opened  up  until  1846.  In  1S47 
Michigan  produced  213  long  tons  of  the  total  United  States  production 
of  300  tons  of  copper.  Since  1863  the  annual  output  has  exceeded  1000 
tons  and  gradually  and  steadily  increased  up  to  1905  when  it  reached 
230,287,992  pounds.  In  1908  the  production  had  dropped  to  222,289,584 
pounds. 

Up  to  1905  Michigan  ranked  second  in  the  list  of  producing  states, 
but  in  1906  dropped  to  third  place.  * 

The  ores  from  this  district,  which  are  known  as  Lake  ores,^  are  all  of 
low  grade,  but  the  deposits  are  of  great  extent  and  rather  uniform  mineral- 
ization, and  this  fact,  together  with  the  possibility  of  high  concentration 
and  low  cost  of  refining,  makes  it  possible  to  work  these  low-^ade  deposits 
at  a  profit. 

The  richest  ore  now  mined  contains  under  2  per  cent  of  copper,  while 
the  poorest  runs  but  little  over  .5  per  cent. 

The  crushed  and  concentrated  material  carries  about  65  per  cent 
copper,  and  this  passes  through  a  combined  smelting  and  refining  process. 

That  portion  of  the  copper  which  contains  enough  silver  to  make  its 
recovery  profitable,  and  some  which  runs  too  high  in  impurities  for  certain 
uses,  is  refined  electrolytically.  The  amount  so  treated  has  been  lessened, 
owing  to  a  recent  demand  for  copper  carrying  arsenic.  The  average  re- 
covery of  silver  per  ton  of  rock  mined  was  .023  ounce. 

1  The  term  has  now  lost  its  original  meaning,  since  copper  from  western  states  is 
brought  to  Michigan  for  refining  and  sold  as  Lake  ore. 
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Arizona  (14-21).  —  Tliis  territory  in  1908  ranked  first  as  a  pro- 
ducer of  copper  ores  in  the  United  States,  and  has  in  the  past  differed 
from  most  other  copper-producing  localities  in  supplying  chiefly 
ores  of  oxidized  character ;  in  fact,  from  1880  to  1895  Arizona  was  the 
only  copper  area  in  the  world  whose  ores  were  exclusively  oxidized. 

The  territory  (Fig.  155)  contains  four  important  districts,  all 
lying  within  the  mountain  region,  and  a  fifth  one  of  probably  con- 
siderable importance.  These  are:  (1)  Bisbee  or  Warren,  (2)  Jerome 
or  Black  Range,  (3)  Clifton-Morenci,  (4)  Globe,  and  (5)  Mineral 
Creek  or  Ray.  The  1st,  3d,  and  4th  possess  certain  similarities  in 
the  mode  of  occurrence  of  the  ore. 


IS2' 


Fio.  165.  —  Map  of  Arizona,  showing  location  of  more  important  mining  districts. 

{After  Lindgren.) 
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Bisbee  or  Warren  District  (20).  —  This  district,  which  contains 
the  famous  Copper  Queen  Mine,  lies  on  the  eastern  slope  of  the 
Mule  Pass  Mountains  (Fig.  155),  but  a  short  distance  from  the 
Mexican  boundary.  The  section  at  that  locality  involves  strata 
from  pre-Cambrian  to  Cretaceous  age,  with  an  important  uncon- 
formity between  the  Carboniferous  and  Cretaceous  (Fig.  157). 
Prior  to  the  deposition  of  the  latter  the  rocks  had  been  broken  by 
numerous  faults  (Fig.  156),  one  of  these,  the  Dividend  fault,  being 
specially  prominent  in  forming  one  boundary  of  the  ore-bearing  area. 
This  was  followed  by  intrusions  of  a  granite  magma  forming  dikes, 
sills,  or  irregular  stocks,  which  have  metamorphosed  the  Carbon- 
iferous limestones,  with  the  production  of  characteristic  contact 
minerals. 
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Fig.  156.  —  Geologic  sections  of  Bisbee,  Ariz.,  district.     (After  Raruome,  U.  S.  Oeol, 

Sun.,  Prof.  Pap.  21.) 

The  Carboniferous  limestone  which  carries  the  ore  forms  a  shallow 
basin,  which  is  cut  through  by  the  Dividend  fault.  The  ore  bodies, 
which  are  generally  developed  in  the  zone  of  metamorphic  silicates 
surroimding  the  porphjrry,  as  well  as  sometimes  outside  of  it,  form 
large,  irregularly  distributed,  but  rudely  tabular  masses,  and  mostly 
within  1000  feet  of  the  granite-porphyry  intrusion.  No  valuable 
ore  bodies  are  found  on  the  contacts.  As  now  found  the  ore  consists 
of  malachite,  azurite,  cuprite,  and  other  oxidized  copper  minerals 
above,  which  pass  at  variable  depths  into  unaltered  sulphides ;  but 
between  the  two,  or  at  least  never  far  from  the  effects  of  oxidation, 
ma&ses  of  massive  or  sooty  chalcocite  are  frequently  found. 

The  primary  ore  consisted  of  pyrite,  chalcopyrite,  and  occasionally 
sphalerite,  and  was  deposited  by  a  metasomatic  replacement  of  the 
limestone.    As  originally  formed,  the  deposits  contained  too  little 
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copper  to  make  them  commercially  valuable,  but  they  have  been  sub- 
sequently em-iched  by  secondary  replacement.  In  some  places  the 
ore  ia  underlain  by  barren  limestone,  showing  that  secondary  enrich- 
ment .has  extended  to  the  very  bottom  of  the  ore  body. 

Disseminated  pyritic  ore  is  found  in  the  porphyry  of  Sacramento 
Hill,  but  it  has  not  proved  workable. 


ROUS  or  THE  BieetE  qutoMiiaLL 

Aril,      {Afler  Ranimme.  U.  S.  Geol.  i 


Prof.  Pap.  21.) 


The  general  relations  of  these  ores  to  the  intrusive  porphyry  and 
the  contact  'silicates  mdicate  that  they  are  of  contact-metamorphic 
origiD. 

In  some  cases  an  iron  gossan  has  indicated  an  underlying  ore 
body,  but  many  others  do  not  outcrop. 

During  1908  the  average  copper  content  of  the  Bisbee  ores  was 
between  6  and  7  per  cent.  The  gold  and  silver  content  per  ton  of 
refined  copper  was  about  $11  and  S17  in  two  cases  (Min.  Res,  U.  S. 
Geol.  Surv.). 
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Clifton-Morend  District  (18).  —  The  copper  deposits  of  this  dis- 
trict are  located  at  Morenci  (Fig.  155)  and  Metcalf  in  eastern 
Graham  County.  The  ores  were  discovered  in  1872,  but  remained 
undeveloped  for  a  long  time  because  of  the  fact  that  they  were  of 
too  low  grade,  and  too  far  from  the  railroads. 


Flo.  158.  —  Geologic  map  of  vicinity  of  Morenci,  Aril.     iProm  Wetd.) 

At  the  present  time,  however,  these  large  bodies  of  low-^ade  ore 
are  utilized,  most  of  the  work  being  done  by  three  large  companies. 

The  geologic  section  involves  the  following : 
Quatem&ry  (Gila)  conglomerate. 

Tertiary  flows  of  basalt,  rhyolites,  and  some  andesites. 
Cretaceous  shales  and  sandstones.     S<^veral  hundred  feet  thick. 
Lower  Carboniferous  heavy-bedded  pure  limestones,  180  feet. 
Devonian  (?)  shale  and  argillaeeous  limestone,  100  feet. 
Ordovician  limestone,  200  to  400  feet. 
Cambrian  (?)  quartzitio  sandstone,  200  foet. 
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Pro-Cambrian  granite  and  quartzitio  sohiBts. 

Intrusions  of  granitic  and  dioritio  porphyries  of  post-Cretaceoua  age 
pierce  all  the  older  rocka,  fonning  stooks,  dikes,  laccoliths,  and  sheets. 

All  of  these  rocks  have  been  bowed  up  and  subsequently  faulted 
by  late  Cretaceous  or  early  Tertiary  movements. 


Fia.  169.  —  Section  in  Morenci,  Arii.,  diatrict,  P,  porphyry;  S.  unaltered  sedi- 
ments ;  F,  fisaure  veins  ;  M.  metamorphosed  limestone  and  shale ;  O,  contact- 
metamorphic  ores  ;  R,  disaeminated  chftlcocite.  {After  Lijidgren,  Ertg.  and  Min, 
JouT.,  LXXVUI.) 

Briefly  stated,  the  distribution  of  the  deposits  of  copper  (Fig,  159) 
ore  is  practically  coextensive  with  a  great  porphyry  stock  and  ita 
dike  systems,  the  deposits  occurring  either  in  the  porphyry  or  close 
to  its  contact,  as  well  as  along  dikes  of  porphjTy  in  some  other  rock. 


Fia.  160.  —  Pboto-micrograph  ahoninK  replaccmfnt  in  ClJtton-Morenci  ores.  Dark 
ETsy  cholcocite,  devdoping  by  replacement  of  pyrite  (light  gray).  The  cholco- 
cite  ia  accompanied  by  amall  amounta  of  microcrystalline  quartz,  sericjte  ahreda, 
and  kaolin.  Black  areas  represent  open  field.  (AfUr  Lindoren.  V.  S.  Oed.  Svrt., 
Prof.  Pap.  43.) 

The  original  ores  were  pyrite  and  chalcopyrite,  of  too  low  a  grade 
to  be  workable,  but  they  have  since  become  so  by  a  process  of  sec- 
ondary enrichment.  No  ores  were  formed  before  the  porphyry 
intrusion. 

Where  the  latter  is  in  contact  with  the  granite  and  quartzite, 
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but  little  change  ie  produced,  but  where  the  porphyry  is  found 
adjoinii^  the  limestones  or  shales,  extensive  contact  metamorphiBm 
developed,  resulting  in  the  formatioii  of  large  masses  of  garnet  and 
epidote,  especially  in  the  Lower  CV'boniferous  limestones. 

Where  alteration  has  not  masked  the  phenomena,  magnetite, 
pyrite,  chalcopyrite,  and  zinc  blende  accompany  the  contact 
minerals. 

The  ore  bodies  in  the  limestone  are  often  irr^ular,  but  more 
frequently  roughly  tabular,  because  of  the  accumulation  of  the 
.  minerals  along  the  stratification  planes,  or  walls  of  dikes. 

In  many  parts  of  the  district  the  copper  occurs  in  fissure  vems 
which  cut  porphyry,  granite,  and  sedimentary  rocks,  and  were 


probably  formed  shortly  after  the  consolidation  of  the  jwrphyiy. 
These  in  the  lower  levels  carry  pyrite,  chalcopyrite,  and  sphalerite, 
but  no  magnetite.  Surface  leaching  of  these  veins  has  often  left 
Umonite-stained,  silicified  porphyry  outcrops. 

Accompanying  these  veins,  and  of  more  importance  commercially, 
are  often  extensive  impregnations  of  the  country  rock.  These 
disseminated  deposits  in  the  highly  altered  porphyry  are  leached 
out  above,  but  lower  down  show  a  zone  of  pyrite  and  chalcocite, 
which  does  not  usually  extend  below  400  feet. 

Most  of  the  copper  in  the  district  is  obt^ned  from  concentratii^ 
ores  containing  chalcocite  in  altered  porphyry.    In  1908  the  yield 
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of  copper  from  the  concentrating  ores  was  about  2.2  per  cent,  while 
the  smelting  ores  yielded  a  little  over  4  per  cent. 

The  precious  metal  content  is  so  low  that  much  of  the  output  of 
this  district  is  not  refined  electrolytically  unless  the  copper  is  not 
pure  enough  to  put  on  the  market. 

The  intrusions  of  p>orphyry  produced  strong  contact  metamor- 
phism  in  the  shales  and  limestones  of  Paleozoic  age,  resulting  in  the 
contemporaneous  and  metasomatic  development  of  various  contact 
silicates  and  sulphides,*  the  contact  zone  thus  receiving  large  addi- 
tions of  iron,  silica,  sulphur,  copper,  and  zinc,  substances  unknown  in 
the  sedimentary  series  away  from  the  porph3ay. 

Subsequent  to  the  soUdification  of  the  porphyry,  extensive  Assur- 
ing occurred  in  both  it  and  sediments,  resulting  in  the  deposition  of 
quartz,  pyrite,  chalcopyrite,  and  zinc  blende  in  the  fissures  and  by 
replacement  of  the  wall  rock.  These  are  low  in  copper,  but  there 
is  a  close  relation  between  the  veins  and  contact  deposits  because 
of  the  similarity  of  their  metalUc  contents,  and  of  the  similar  devel- 
opment of  tremolite  and  diopside  where  limestone  forms  the  wall. 
The  extensive  impregnation  of  the  porphyry  also  occmred  at  this 
time.  Subsequent  exposure  of  the  deposits  by  erosion  permitted 
the  entrance  of  surface  waters,  which  was  followed  by  weathering 
and  secondary  enrichment. 

Globe  District  (19).  —  The  ore  bodies  here  occur  as  lenticular  replace- 
ments in  limestone  and  fault  lodes,  or  fissure  zones  in  diabase. 

Much  of  the  limestone  ore  thus  far  extracted  has  been  oxidized,  but 
that  in  the  diabase  is  enriched  material.  Some  bodies  of  primary  ore  of 
commercial  value  have  also  been  developed.  About  70  per  cent  of  the 
ore  now  treated  is  of  the  sulphide  type,  and  in  1908  the  ores  yielded  about 
41  per  cent  copper.  The  gold  and  silver  contents  are  very  low,  averaging 
about  .4  per  cent  per  pound  of  copper. 

Jerome  District  (17).  — The  ores,  which  are  of  pre-Cambrian  age 
like  the  inclosing  rock,  consist  of  pyrite,  chalcopyrite,  some  spha- 
lerite, and  varying  amounts  of  quartzj  replacing  a  schist  that  has  been 
formed  by  the  intense  shearing  of  the  basic  porphyry.  As  a  rule  the 
more  massive  sulphide  ore  contains  more  iron  and  zinc,  while  the 
"  slaty  "  ore,  which  consists  of  alternating  bands  of  sulphide  and 
schist,  carries  a  higher  proportion  of  chalcopyrite. 

The  ores  mined  are  all  of  smelting  grade,  with  a  high  percentage  of 
copper,  higher  indeed  than  that  of  Bisbee,  Bingham,  Utah,  Shasta  County, 
California,  and  Dmcktown,  Tennessee.     The  gold  and  silver  content  is 

*  Garnet,  cpidote  diopside,  etc.,  pyrite,  magnetite,  chalcopyrite,  and  sphalerite. 
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vr  of  Bingham  CaBon,  Utah.     (After  KeUh.  C.  S.  Gcol.  1 
Fap.  3K.) 


also  higher  than  that  of  any  other  of  the  large  Arizona  copper  camps, 
and  far  above  the  pyrrhotite  orea  of  Ducktown,  Tenneaaee,  but  not  much 
different  from  that  of  the  Bingham  and  Shasta  County  ores. 

Mineral  Creek  District  (21).  — This  new  district,  which  promises 
to  be  of  some  importance,  is  located  in  Pinal  County  (Fig.  155). 
The  ore  body  consists  of  a  great  dissemination  of  chalcocite  in  schists 
(Fig.  162),  and  is  said  to  average  2^  per  cent  copper. 


The  schist,  which  is  of  pre-Cambrian  age,  forms  a  block  which  is 
faulted  up  against  Paleozoic  rocks  on  the  east.     Granite  porphyry 
intnisions  occur  in  the  schist,  quartzite,  and  diabase,  and  the  first 
is  strongly  silicified  near  the  fault. 
-  This  district  is  of  in- 
terest because  it  repre- 
sents a  different  mode  of 
occurrence     from     that 
found    in    the    leading 
Arizona  ones. 

Bingham  Canon,  IJlah 
(63). — This  camp,  which 
b  the  leading  copper-pro- 
ducing locality  of  Utah, 
is  situated  in  the  north- 
central  part  of  the  state, 
on  the  eastern  slope  of 
the  Oquirrh  Mountains, 
20  miles  southwest  of 
Salt  Lake  City. 

The  rocks  of  this  area  include  a  great  thickness  of  Carboniferous 
sedimentary  formations,  which  are  divisible  into  a  lower  member 
of  massive  quartzite  with  several  interbcdded  limestones,  and  an 
upper  member  of  quartzite  with  black  calcareous  s 
and  limestones. 


FiQ.  163.  —  Geologic  map  or  a  portion  of  thr 
Miaeral  Creek,  Arii.,  copper  district.  (AJler 
Tolman.  XCIX.) 
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The  sediments,  though  showing  in  general  a  northerly  dip,  and 
northeast-southwest  strike  throughout  the  region,  vary  in  their 
strike  from  east-west  on  the  western  slope  to  north-south  on  the 
eastern,  so  that  they  form  a  sjmclinal  basin,  with  northward 
pitch. 

The  whole  series  of  sediments,  but  especially  the  lower  member,  is 
pierced  by  an  igneous  intrusion,  forming  dikes,  sills,  and  laccoliths. 
Prominent  among  these  are  two  large  areas  of  monzonite,  one  form- 
ing an  irregular  laccolith,  the  other  a  broad  irregulai*  stock.  An 
extensive  latite  flow,  outcropping  on  the  eastern  slope  of  the  ranges, 
covered  some  of  the  sediments  and  older  intrusives. 

There  has  been  Assuring  at  several  different  periods  following  the 
igneous  intrusion,  but  in  most  cases  displacement  along  these  frac- 
tures does  not  exceed  150  feet.  The  northwest-southeast  fissures 
carry  the  most  important  lead-silver  ores. 

The  limestones  of  the  lower  member,  averaging  200  feet  in  thick- 
ness, have  been  highly  marbleized,  and  carry  large  bodies  of  copper 
ore,  and  the  calcareous  carbonaceous  shales  of  the  upper  member 
sometimes  carry  it  as  well. 

In  many  cases  the  ore  is  closely  associated  with  the  intrusives. 

Two  types  of  copper  deposits  are  recognized,  viz. :  (1)  great 
tabular  replacement  masses  in  limestone,  lying  roughly  parallel  with 
the  bedding,  and  showing  sometimes  an  extent  of  several  hundred 
feet  along  the  strike,  as  well  as  a  thickness  of  even  200  feet;  (2)  dis- 
seminations in  a  large  monzonite  laccolith,  especially  in  the  fractured, 
fissured,  and  altered  portions  of  the  same.. 

The  contact  replacement  deposits  have  been  important  ones  in 
the  past,  but  the  enormous  bodies  of  low-grade  disseminated  ore  in 
the  monzonite  are  now  the  most  important  (PL  XL). 

The  limestone  ores  consist  of  primary  pyrite  and  chalcopyrite, 
enriched  in  some  cases  by  chalcocite  and  tetrahedrite.  Quartz  is 
the  chief  gangue  mineral,  but  as  might  be  expected  in  a  contact 
deposit,  garnet,  epidote,  tremolite,  specularite,  pyrrhotite,  sphalerite, 
galena,  etc.,  are  also  present. 

The  value  of  the  ore  is  given  by  Weed  as  follows :  copper  content  of 
replacement  ores,  3.5  to  4  per  cent,  with  gold  $.10  to  $1  and  silver  2-5 
ounces  per  ton. 

The  average  content  of  the  fissure  ores  is  approximately  45  per  cent 
lead,  65  ounces  silver,  and  small  amounts  of  gold,  copper,  and  zinc. 

Accessory  gold,  probably  in  pyrite,  ranges  in  the  copper,  ores  in  lime- 
stone from  $.80  to  $2.20,  in  lode  ores  $.50  to  $2.50,  and  in  milling  ores  in 
monzonite  about  $.30  per  ton. 
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Zino  blende  ia  a  oonstaiit  associate  in  the  lode  ores,  and  ranges  from  a 
traoe  to  45  per  cent,  averaging  10-15  per  cent. 

The  Utah  Copper  Company  gives  as  an  average  of  a  number  of  assays 
of  its  disseminated  ores:  copper,  1.98  per  cent;  gold,  .016  ounces;  and 
silver,  .15  ounces  per  ton. 

The  theory  of  origin  advanced  by  Boutwell  U  that  the  quartzitea 
and  limestones  were  intruded  by  the  monzonite  in  Mesozoic  or  early 
Tertiary  times,  producing  contact  metamorphism  of  the  limestone 
and  replacing  it  with  sulphides. 


After  the  upper  portion  of  the  monzonite  intrusion  was  partly 
cooled,  the  inclosing  rocks  were  fractured  by  northwest-southeast 
fissures,  along  which  there  ascended  heated  aqueous  solutions  from 
the  deeper,  uncooled  portions  of  the  magma.  Those  solutions  not 
only  altered  the  fissure  walls,  but  deposited  additional  metallic 
sulphides,  thus  enriching  the  limestones  as  well  as  altering  the 
monzonite  by  the  addition  of  copper,  gold,  silver,  pyrite,  and 
molybdenite. 

Ely,  Nevada  (51-53).  —  This  district,  although  of  recent  develop- 
ment, promises  to  become  of  great  importance.     The  copper  belt. 
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which  lies  6  miles  west  of  Ely,  in  White  Piae  County  (Fig.  195),  is 
about  one  mile  wide  and  Bix  miles  long  extending  in  an  east-west 
direction. 

It  lies  in  a  pass  through  the  Egan  Range,  along  what  used  to  be  a 
route  to  Eureka,  Nevada. 

The  aootion  there  involves  the  foUowing  formations :  — 
Ruth  limestoae 

Areturus  limestooe  1000  feet 

Ely  limestone,  Carboniferous  1500  feet 

White  Pine  shale  f-  1000  feet 

Nevada  limeatone  S*'^'""*°  1000  feet 


The  sediments  which  have  a  gentle  dip  are  cut  by  a  coars&ip^ined 
hornblende  monzonite,  which  has  effected  only  a  limited  amount  of 
alteration  in  the  adjacent  limestone,  producing  some  garnet  rock 
and  chalcopyrite. 

There  are  present  also  dikes  of  porphyry  and  rhyolite  lavas,  the 
latter  resting  in  the  uneven  limestone  surfa<:e  (Fig.  165),  but  these 
eruptives  bear  no  genetic  relation  to  the  ore. 

I 


FlQ.  166.  — Section  of  Ely,  Nov.,  diBtrict,     (Frota  Weed.) 

Of  importance  in  this  connection  are  the  monzonite  intrusions, 
which  carry  ore.  The  ore,  consisting  of  pyrite  and  chalcocite,  is 
disseminated  through  the  monzonite  porphyry,  but  does  not  show 
on  the  yellowish  and  red  weathered  outcrop.  In  fact,  there  is  a  sharp 
Une  of  separation  between  the  gossan  and  unoxidized  bluish  white 
rock  containing  the  grains  of  pyrite  and  chalcocite.  The  oxidized 
zone,  which  in  the  average  extends  to  a  depth  of  100  to  150  feet,  is 
very  irregular  and  bears  no  relation  to  the  ground  water  level. 

Some  of  the  ore  bodies  are  of  great  size,  that  at  the  Ruth  mine 
having  a  width  of  50  to  not  less  than  250  feet,  and  being  developed 
for  a  length  of  not  less  than  900  feet. 

Lawson  believes  that  the  ore  bodies  have  resulted  from  a  leaching 
of  secondary  ores  in  the  oxidized  zones  and  that  the  only  primary 
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ore  now  known  is  the  chalcopyrite  in  the  garnet  rock  occurring 
beneath  the  quartz  "  blouts."  These  latter  are  masses  of  quartz 
occurring  mainly  along  the  contact,  and  formed  by  the  replacement 
of  both  limestone  and  porphyry  with  silica  which  was  leached  out 
of  the  porphyry  by  carbonated  waters. 

The  ores  are  of  low  grade  similar  to  the  disseminated  ones  at  Bing- 
ham Cafion,  Utah,  and  are  worked  in  part  as  open  cuts  (PL  XLI, 
Kg.  2).  That  from  the  Eureka  Mine  is  said  to  average  2.2  per  cent 
copper,  with  40  cents  gold  per  ton. 

Appalachian  States  (32  a,  54,  55-69,  64-69).  —  The  Appalachian 
states  contain  a  number  of  deposits  of  copper  ore  distributed  from 
Maine  to  Alabama,  but  few  of  them  are  of  commercial  importance. 
A  number  of  different  types  are  recognized  occurring  both  in  the 
Blue  Ridge  mountains  and  the  Piedmont  belt  to  the  east. 

The  early  attempts  to  work  the  deposits  were  chiefly  to  obtain 
both  gold  and  copper,  and  resulted  in  failure,  due  largely  to  the  low 
market  values  of  copper ;  hence  for  many  years  the  deposits,  with 
few  exceptions,  have  been  but  little  worked,  and  it  is  only  in  recent 
years  that  a  demand  for  the  metal  and  cheaper  metallurgical 
treatment  have  revived  copper  mining,  at  many  localities,  but  not 
always  with  successful  results. 

Owing  to  the  fact  that  the  deposits  usually  occur  in  metamorphic 
rocks,  their  exact  origin*  is  somewhat  in  doubt. 

Weed  has  suggested  the  five  following  types  (5) : —  t 

1.  True  fissure  veins,  filled  with  quartz  and  copper,  the  vein  cross- 
ing or  conforming  to  the  banding  of  the  schists,  and  replacement 
of  the  wall  rock  being  rare.  The  ores  are  bomite,  with  a  little 
chalcopyrite  and  iron  pyrite.  The  deposits  at  Virgilina,  Virginia, 
belong  in  this  group  (69). 

2.  True  fissure  veins  with  auriferous  quartz,  chalcopyrite,  and 
pyrite  formed  chiefly  by  replacement.  The  fissures  are  usually 
found  along  sheeting  planes,  and  the  deposits  at  Gold  Hill,  North 
Carolina,  are  taken  as  a  type  of  this  group. 

3.  Pyrrhotite  veins  of  the  Ducktown  type  (5),  filling  true  fissures 
in  mica  schist,  and  consisting  chiefly  of  pyrrhotite  and  pyrite  with  a 
little  quartz.  The  ore  has  been  formed  by  the  replacement  of  a 
zone  of  sheeted  rock,  which  was  composed  chiefly  of  metamorphic 
minerals,  such  as  garnet,  zoisite,  actinolite,  epidote,  pyroxene,  etc., 
these  latter  being  the  products  of  alteration  of  a  calcareous  shale. 
The  Duckton  ore  body  represents  a  t3rpe  forming  a  belt  extending 
all  the  way  from  Vermont  to  Alabama.    They  all  show  a  gossan 

2b 
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which  can  be  mined  for  iron  ore,  while  under  this  there  is  a  zone  of 
black  copper,  the  result  of  local  enrichment,  which  passes  into  the 
sulphide  ore  below.  The  copper  is  richest  in  those  portions  where 
the  pyrrhotite  predominates. 

Tn  1908  the  ores  of  this  district  yielded  1.55  per  cent  copper,  with 
an  average  of  .38  per  cent  gold  and  silver  per  pound  of  copper  elec- 
trolytically  treated.  The  cheapness  of  operation  of  the  mines  and 
fuel  make  it  posable  to  work  this  low^^rade  ore.  The  sulphur 
driven  off  in  roasting  the  ore  Is  utihzed  for  sulphuric  acid  making, 
and  the  product  can  be  marketed  owing  to  the  nearness  of  the  phos- 
phate rock  supply  which  is  used  for  fertilizer  manufacture. 


Fra.  166.  —  Map  of  Carroll  County,  Va.,  pyrrhotite  area.  Hhowing  poaitioD  of  the 
"Great  GoHBBn  Lead"  in  heavy  black  band,  and  principal  copper  mineo  located 
on  it.  Broken  lines  are  othei  probable  leads.  (.Afltr  Waiton  and  Wtad,  Min. 
B«.  Va.) 

The  Ducktown  district  was  one  of  the  earliest  large  producers 
in  the  United  States,  operations  having  begun  in  1850,  when  the 
large  supply  of  black  copper  ores  were  mined.  The  attempts  to 
work  the  iow'-^;rade  underlyii^  sulphides  were  not  successful 
until  about  1890,  ^nce  which  time  there  has  been  a  steady 
production. 

The  Gossan  Lead  of  southwestern  Virginia  (68)  (Fig,  166)  and 
the  copper  deposits  of  Ore  Knob,  North  Carolina,  also  belong  to 
this  type.  At  the  former  the  ore  is  a  mixture  of  pyrrhotite  with 
subordinate  chalcopyrite,  and  admixed  quartz  and  schists.  The 
vein  fills  a  fault  fracture  between  sericite  schists,  which  contains 
mica,  calcite,  quartz,  and  actinolite,  replaced  by  the  later  pyrrhotite 
and  chalcopyrite  (Fig,  167),     The  copper  content  is  low,  viz.  .75 
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per  cent,  and  hence  the  ore  is  used  for  acid  making,  but  the  residue  is 
available  for  copper. 

4.  The  Catoctin  tjrpe,  representing  segregations  of  native  copper, 
copper  oxides,  and.  carbonates  along  shear  zones  in  altered  igneous 
rocks  of  Algonkian  age, 
the  ores  extending  be> 
low  ground-water  level. 
They  are  found  at  a 
niunber  of  localities  in 
the  Appalachian  and 
Piedmont  plateau  dis- 
tricts, usually  in  the 
Catoctin  schist.  The 
ore  shows  on  the  out- 
crop, but  does  not  ex- 
tend usually  more  than 
60  to  60  feet  below  the 
surface.  It  is  supposed 
to  have  been  leached 
out  of  the  vein  walls. 
Occurrences  of  this 
type  occur  in  Green 
County,  Virginia. 

5.  Deposits  of  native  copper  along  the  contact  of  diabase  and 
sandstone.  These  have  been  found  in  New  Jersey  (54),  but  are 
unimportant,  although  the  mines  have  been  worked  from  time  to 
time.  Similar  occurrences  have  been  reported  from  Pennsylvania 
(55,  56)  and  Connecticut. 

California  (22-27).  —  Copper  ores  are  mined  in  the  Shasta 
County  belt,  north  of  Redding.  The  wall  rock  is  mainly  alaskite 
porphjrry,  which  was  probably  intruded  during  Triassic  times,  and 
the  ore  bodies  form  replacements  along  zones  of  shearing.  Those 
found  in  the  western  part  of  the  region,  and  which  include  the  Iron 
Moimtain  district,  are  somewhat  tabular,  while  in  the  eastern  part, 
including  the  Bully  Hill  district,  the  ore  bodies  are  more  veinlike 
in  their  character.  In  the  western  district  the  ore  is  pyrite  with  a 
small  amount  of  chalcopyrite,  while  in  the  eastern  sphalerite  is  of 
importance.  The  ores  average  about  3  per  cent  copper  with 
$1.86  in  gold  and  $.996  silver  per  ton.  .  There  are  other  scattered 
occurrences  in  the  state. 

Other  Occurrences.  —  Colorado   (28-32)   has   few   copper  mines 


Fio.  167.  —  Section  of  ore  from  Chestnut  Yard, 
Va.,  showing  pyrrhotite  (white)  and  chalcopyrite 
(black)  replacements  in  hornblende  (parallel 
Imes).     (After  Weed  and  Watson,  Econ,  Oeol.,  I.) 
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proper,  but  many  of  the  ores  mined  in  the  state  carry  copper,  and  it 
is  utilized  by  lead  smelters  as  a  carrier  in  the  extraction  of  other 
metals.  Copper  is  mined  in  New  Mexico  and  Idaho,  the  Seven 
Devils  district  (34)  of  the  latter  state  being  well  known.  The  Grand 
Encampment  district  of  southern  Wyoming  (24)  has  also  supplied 
more  or  less  ore,  and  a  small  amount  is  mined  in  Missouri  (44,  45). 

Alaska  (O-IS).  —  The  four  most  promising  and  best-known  copper 
regions  of  Alaska  are  (1)  Ketchikan  district  on  the  Kasaan  Peninsula 
and  Hetta  Inlet,  the  two  being  respectively  on  the  east  and  west 
coast  of  Prince  of  Wales  Island,  (2)  Prince  Williams  Sound  district, 
(3)  the  region  included  within  the  drainage  area  of  the  Kotsina  and 
Chitina  rivers,  and  (4)  the  region  of  the  upper  Copper,  Tanana,  and 
White  rivers.     Three  of  these  may  be  referred  to. 

Ketchikan  District  (12). — The  most  important  ore  bodies  are  con- 
tact-metamorphic  ones  occurring  in  irregular,  masses  from  10  to  250 
feet  in  dimensions,  along  the  contacts  of  the  intrusive  rocks,  usually 
with  limestones,  the  ore  composed  mainly  of  chalcopyrite,  magnetite, 
pyrrhotite,  and  pyrite  in  a  gangue  of  amphibole,  orthoclase,  epidote, 
garnet,  and  calcite.  In  addition  to  these  there  are  lode  deposits 
in  shear  zones,  vein  deposits  in  fissures,  and  disseminated  ores. 

The  ores  mined  are  somewhat  low  in  grade,  with  a  little  gold  and 
silver,  but  high  in  iron  and  lime,  and  form  a  desirable  flux  for 
smelters  of  Tacoma  and  British  Columbia. 

At  Copper  Mountain  in  the  Hetta  Inlet  district  (Fig.  168)  the  ores 
are  (1)  contact  deposits  occurring  between  granite  and  limestone  ^r 
schist,  and  (2)  vein  or  shear  zone  deposits,  occurring  along  the  bed- 
ding planes  of  the  greenstone  schist  and  quartzites.     The  contact, 
zone  is  of  variable  width  and  is  broadest  in  the  limestone. 

Kotsina-Chitina  Region  (10). — This  region,  which  is  situated 
some  distance  from  the  coast,  and  hence  difficult  of  access,  has  been 
but  little  developed,  although  transportation  facilities  have  now 
been  provided. 

The  ores  are  mainly  sulphides  associated  with  Triaasic  limestone 
and  earUer  greenstones.  The  ore  is  chiefly  chalcocite,  but  other 
sulphides  as  well  as  oxidized  ores  occur.  The  most  important 
deposit  is  the  Bonanza  mine  on  the  Chitina  River,  which  consists 
of  a  solid  mass  of  chalcocite  in  limestone,  averaging  about  60  per 
cent  copper,  with  about  22  ounces  of  silver  to  the  ton. 

Prince  Williams  Sound  District  (7,  8).  —  In  this  district  the  ore  is 
chalcopjTite  disseminated  through  metamorphic  schists.  The  most 
important  mine  is  on  Latouche  Island  (9),  and  here  the  ore  which  is 
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a  mixture  of  chalcop>-rite,  pyrrhotite,  and  pyrite,  has  been  deposited 
nuunly  as  a  cavity  filling,  lees  often  as  a  replacement  or  impreg- 
nation, in  a  shear  zone  in  interbedded  slates  and  graywackes. 

Uses  of  Copper.  —  Since  prehistoric  times  copper  alloyed  with 
tin  has  been  used  in  various  parts  of  the  world  for  the  manufacture 
of  bronze.    Thus  it  was  used  for  this  purpose  in  Homeric  times,  and 


JM. 


it  ia  found  in  the  lake  dwellings  of  Switzerland.  The  bronze  found 
in  Troy  contains  a  very  little  tin,  and  since  this  metal  ia  not  found  in 
the  excavations  in  the  West,  it  seems  probable  that  the  bronze  was 
made  in  Asia,  perhaps  in  China  or  India,  by  some  secret  process,  and 
imported  to  the  western  countries. 

By  an  alloy  of  copper  and  tin,  although  both  metals  are  soft,  a 
comparatively  hard  metal  is  produced.  The  properties  of  this  alloy, 
bronze,  vary  greatly  according  to  the  proportions  of  the  two  metallic 
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constituents,  and  these  vary  with  the  use  for  which  the  alloy  is  in- 
tended. United  States  ordnance  is  90  per  cent  copper  and  10  per 
cent  tin,  while  ordinary  bell  metal  is  about  80  per  cent  copper, 
though  the  percentage  varies  with  the  tone  required.  Statuary 
bronze  is  generally  an  alloy  of  copper,  tin,  and  zinc ;  and,  m  these 
various  bronzes,  the  color  varies  from  copper-red  to  tin-white,  pass- 
ing through  an  orange-yellow. 

An  alloy  of  copper  and  zinc  produces  brass,  which  is  found  of  so 
much  value  for  small  articles  used  in  building  and  for  ornamental 
piuposes  in  machinery.    Copper  is  also  used  in  roofing  and  plumbmg. 
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Fig.  169.  —  Chart  showing  production  of  copper  in  the  United  iStatee,  from  1882 

to  1909.     (i4/(er  Lindgren.) 

A  large  supply  of  this  metal  is  made  into  copper  wire,  and  the  most 
important  present  use  of  copper  is  in  electricity,  for  which  its  high 
conductivity  especially  fits  it  for  the  transmission  of  electric  currents. 

Production  of  Copper.  —  The  production  of  copper  in  the  United 
States  has  increased  steadily  and  rapidly  in  the  last  fifty  years,  plac- 
ing the  United  States  in  the  lead  of  the  world's  copper  producers. 
This  increase  can  be  seen  from  the  chart  (Fig.  169),  and  also  in  the 
following  tables :  — 
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Production  of  Copper  in  the  United  States,  1904-1908,  by  States, 

IN  Pounds 


Arisona 

Montana 

Michigan 

Utah  .    . 

California 

Colorado 

Nevada  . 

Idaho 

New  Mexico 

Alaska    . 

Wyoming 


1904 


191.602,958 

298,314,804 

208,309.130 

47.062,889 

28,529,023 

9,506,944 

2,158.858 
5.368.666 
2.043.586 
3.565,629 


1905 


226.854,461 

314,750,582 

230,287,992 

54,083.506 

16.697.489 

9.404.830 

413.292 

7.321.585 

5.334,192 

4.900.866 

2,530,531 


1906 


262,566.103 

294.701.252 

229,695.730 

50.329,119 

28.153,202 

7.427.253 

1,090,635 

8,578,046 

7.099,842 

8.665.646 

106.177 


1907 


256,778,437 

224,263,789 

219,131,503 

66,418,370 

33,696.602 

13,998.496 

1,998.164 

9.707,299 

10,140,140 

7,034.763 

3,026.004 


1908 


289.523.267 

252.503,651 

222.289.584 

71,370,370 

39.643,835 

13,943,878 

12,241.372 

7.256.086 

4.991.351 

4.438.836 

2.416,197 


World's  Production  (Smelter  Output)  op  Copper  in  1908 

IN  Pounds 


COUNTEY 

1908 

COUNTKT 

1908 

Algeria 

Argentina 

Australasia 

Austria 

Bolivia 

Canada     

Cape  Colony      .... 

Chile 

England 

Germany 

Hungary       

Italy 

Japan       

none 

504.000 

88,480.000 

3.528.000 

6.600.000 

63.996.800 

15.411.200 

85,825,600 

1,568,000 

45,248,000 

224,000 

6.664.000 

96.320.000 

Mexico 

Namaquala 

Newfoundli 

Norway 

Peru      .     . 

Rusbia 

Spain     .     . 

Portugal 

Sweden 

Turkey 

United  Stol 

Total 

< 

nd 
inc 

1 

* 

[     '. 

< 

1 

• 
• 
• 
• 

• 
• 

.} 

■          • 

>                  • 

84.156.800 

none 

3,203,200 
20,585,600 
33,600.000 
44,990,400 

117,790.400 

4.480.000 

2.352.000 

942.570,000 

1,667,098,000 

Total  Imports  and  Exports  of  Copper  including  Ore,  Matte  and 

Regulus,  Pigs,  Bars,  Ingots,  and  Plates 


f 

Imports 
Pounds 

Exports 
Pounds 

1907 

252,620.a')4 
218.705,487 

731.005.241 

1908 

803.329.887 

Copper  Reserves.  —  Lindgren  (5  a)  points  out  that  the  visible  copper 
reserves  of  the  United  States  are  much  larger  than  those  of  lead  ore,  and, 
moreover,  they  are  much  larger,  now,  at  the  maximum  of  production,  than 
they  have  ever  been  before,  and  yet  they  are  in  most  cases  not  nearly  so 
great  as  those  blocked  out  for  some  other  materials  like  coal.  This,  how- 
ever, is  owing  to  the  different  mode  of  occurrence  of  the  two  substances. 
The  amount  of  available  reserves  to  be  estimated  depends  on  the  market 
price  of  copper.  With  the  latter  at,  say,  20  cents  per  pound  one  can  estimate 
a  much  larger  reserve  than  if  the  price  were  only  13  cents.  Lindgren  believes 
that  the  copper  resources  of  the  United  States  are  large  enough  to  respond 
for  a  number  of  years  to  a  demand  increasing  at  the  rate  of  30,000,000 
pounds  per  annum. 
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rbfbrehces  on  copper 

General.  1.  Biddle,  Jour.  G«o1.,  IX:  430, 1901.  (Origin.)  2.  Femekes, 
Eoon.  G«ol.,  II :  580,  1907.  (Copper  precip*]i  from  chloride  solutions 
by  ferric  chloride.)  3.  Kemp,  Econ.  Geol.,  1:11,  1906.  (Sec*y 
enrich' t.)  4.  Kemp,  Min.  and  Sci.  Pr.,  March  30, 1907.  (New  points 
in  goology  of  copper  ores.)  4  a.  Sullivan,  Econ.  Geol.,  1 :  67,  1906. 
(Copper  preoip'n  by  natural  silicates.)  5.  Weed,  Copper  Mines  of 
the  World,  New  York,  1907.  5  a.  Lindgren,  U.  S.  Geol.  Surv.,  Bull. 
394 :  131,  1909.  (Copper  ore  reserves.)  5  b.  Stokes,  Econ.  Geol.,  I : 
644, 1906.     (SoFn,  transport'n,  dep'n  of  copper.) 

Papers  relahnq  to  Special  Areas.  Alaska.  6.  Brooks  and  others,  U.  S. 
Geol.  Surv.,  Bull.  379 :  74,  1909.  (Prince  of  Wales  I«.)  7.  Grant  and 
Higgins,  U.  S.  Geol.  Surv.,  Bull.  379,  1908.  (Prince  WiUiam  Sound.) 
8.  Grant,  U.  S.  Geol.  Surv.,  Bull.  284  :  78,  1906 ;  also  Min.  Sci.  Pr., 
C :  63,  1910.  (Prince  William  Sound.)  9.  Lincoln,  Econ.  Geol.,  IV : 
201,  1909.  (Latouche  Is.)  10.  Moffit  and  Madden,  U.  S.  Geol. 
Surv.,  Bull.  374,  1909.  (Kotsina-Chitina  region.)  11.  Rickard, 
Min.  Sci.  Pr.,  Dec.  5,  1908.  (White  Horse.)  12.  Wright,  F.  E.  and 
C.  W.,  U.  S.  Geol.  Surv.,  Bull.  347,  1908.  (Ketchikan  and  WrangeU 
dist's.)  See  also  Ibid,,  Bull.  379:75.  13.  Wright,  C.  W.,  Econ. 
Geol.,  Ill  :  410,  1908.  (Kasaan  Peninsula.)  — Arizona.  14.  Church, 
Amer.  Inst.  Min.  Engrs.,  Trans.  XXXIII  :  3,  1903.  (Tombstone 
district.)  15.  Douglas,  Amer.  Min'g  Cong.,  Nov.,  1905.  (Develop- 
ment Arizona  industry.)  16.  Douglas,  Amer.  Inst.  Min.  Engrs., 
Trans.  XXIX:  511, 1900.  (Copper  Queen  Mine.)  17.  Graton,  U.  S. 
Geol.  Surv.,  Min.  Res.  1907  :  597,  1908.  (Jerome.)  18.  Lindgren, 
U.  S.  Geol.  Surv.,  Prof.  Pap.  43,  1905.  (Clifton-Morenci.)  19.  Ran- 
some,  U.  S.  Geol.  Surv.,  Prof.  Pap.  12, 1903.  (Globe.)  20.  Ransome, 
U.  S.  Geol.  Surv.,  Prof.  Pap.  21,  1904.  (Bisbee.)  21.  Tolman,  Series 
of  articles  in  Min.  Sci.  Pr.  as  follows :  Nov.  6,  1909  (Ray) ;  Nov.  27, 
1909  (Silver  Bell) ;  Nov.  13,  1909  (Miami-Inspiration) ;  Sept.  11  and 
18,  1909.  (S.  Ariz.)  —California.  22.  Aubury,  Calif.  Sitate  Min.  Bur., 
Bull.  23,  1902.  (General.)  23.  Graton,  U.  S.  Geol.,  Bull.  430-B  :  3. 
(Shasta  County.)  24.  Diller,  U.  S.  Geol.  Surv.,  Bull.  213  :  123, 
1903.  (Redding  region.)  25.  Knopf,  Univ.  Calif.  BuU.  IV,  No.  17. 
(Foothill  belt,  Sierra  Nevada.)  26.  Lang,  Eng.  and  Min.  Jour.,  Nov. 
16,  23,  30, 1907.  (Copper  belt.)  27.  Reid,  Econ.  Geol.,  II :  380, 1907. 
(Copperopolis.)  —  Colorado.  28.  Bagg,  Econ.  Geol.,  111:739,  1908. 
(Sangre  de  Christo  Range.)  29.  Emmons,  Tenth  Census,  XIII  :  68, 
1885.  (Gilpin  Co.)  30.  Emmons,  U.  S.  Geol.  Surv..  Bull.  260 :  221, 1905. 
(Red  Beds,  Colo,  plateau.)  31.  Ritter,  Amer.  Inst.  Min.  Engrs.,  July, 
1907.  (Apex,  Colo.)  32.  Spencer,  U.  S.  Geol.  Surv.,  Bull.  213 :  163, 
1903.  (Pearl,  Colo.)  — Georgia.  32  a.  Weed,  U.  S.  Geol.  Surv.,  Bull. 
225 :  180,  1904.  —  Idaho.  33.  Kemp  and  Gunther,  Amer.  Inst.  Min. 
Engrs.,  Trans.  XXXVIII :  269,  1908.  (White  Knob.)  34.  Lindgren, 
Min.  Sci.  Pr.,  LXXVIII :  125,  1899.  (Seven  Devils  district.)  —Mich- 
igan. 35.  Femekes,  Econ.  Geol.,  II :  580, 1907.  (Precip'n  of  copper.) 
36.   Hubbard,  L.  Sup.  Ming.    Inst.,   Proc.  Ill :  74,   1895.     (Central 
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Mine.)  37.  Hubbard,  Ibid,,  II :  79.  (Keweenaw  Point,  cross  sections.) 
38.  Irving,  U.  8.  Geol.  Surv.,  Mon.  V,  1883.  39.  Lane,  L.  Sup. 
Ming.  Inst.,  1906.  (Gleology  copper  district.)  40.  Lane,  Can.  Min. 
Inst.,  Quart.  Bull.,  No.  7,  July,  1909.  (Copper  mine  waters.) 
41.  Pumpelly,  Mich.  Geol.  Surv.,  I,  pt.  2,  1873.  42.  Rickard,  Eng. 
and  Min.  Jour.,  LXXVIII  :  685,  625,  665,  745,  785,  865,  905,  1025, 
1904.  43.  Wadsworth,  Amer.  Inst.  Min.  Engrs.,  Trans.  XXVII: 
669,  1898.  (Origin.)— Missouri.  44.  Bain  and  IHrich,  U.  S.  Geol. 
Surv.,  Bull.  267,  1905.  (General.)  45.  Nicholson,  Amer.  Inst.  Min. 
Engrs.,  Trans.  X :  444,  1882.  (St.  Genevieve.)  —  Montana.  45  a.  Col- 
len,  Econ.  Geol.,  II :  572,  1907.  (Belt  formation,  Mont.)  46.  Em- 
mons and  Tower,  U.  S.  Geol.  Surv.,  Atlas  Folio  38,  1897.  (Butte.) 
47.  Sales,  Econ.  Geol.,  V:15,  1910.  (Superficial  alteration  Butte 
veins.)  48.  Simpson,  Econ.  Geol.,  Ill :  628,  1908.  (Relation  copper 
to  pyrite  in  lean  ores,  Butte.)  49.  Weed,  Copper  Mines  of  the  World, 
New  York,  1907.  (Butte.)  50.  Winchell,  Eng.  and  Min.  Jour., 
LXXV:  782,  1903.  (Chalcocite  synthesis.)  —  Nevada.  51.  Jennings, 
Cin.  Min.  Inst.  Jour.,  XI:  463,  1908.  (Yerington.)  52.  Lawson, 
Univ.  Calif.  Bull.  Dept.  Geol.,  IV,  No.  14  :  287.  (Ely.)  53.  Ran- 
some,  U.  S.  Geol.  Surv.,  Bull.  380  :  102,  1909.  (Yerington.) 
—  New  Jersey.  54.  Lewis,  N.  J.  Geol.  Surv.,  Ann.  Rept.,  1907:131, 
1908.  —  Pennsylvania.  55.  Bailey,  Eng.  and  Min.  Jour.,  XXXV: 
88,  1883.  (Adams  Co.)  56.  Lyman,  Jour.  Franklin  Inst.,  CXLVI : 
416,  1898.  (Bucks  and  Montgomery  counties.) — Tennessee.  57. 
Henrich,  Amer.  Inst.  Min.  Engrs.,  Trans.  XXV :  173,  1896.  (Duck-, 
town.)  58.  Kemp,  Amer.  Inst.  Min.  Engrs.,  Trans.  XXXI:  244, 
1902.  (Ducktown.)  59.  Weed,  Amer.  Inst.  Min.  Engrs.,  Trans. 
XXX :  449,  1901.  (Southern  Appalachians.) — Texas.  60.  Schmitz, 
Amer.  Inst.  Min.  Engrs.,  Trans.  XXVI :  97,  1897.  (Permian  ores.) 
— United  States.  61.  Stevens,  Copper  Handbook,  published  annually 
at  Houghton,  Mich.,  by  the  author.  62.  Weed,  Copper  Mines  of 
the  World,  New  York : 253-^61,  1907.— Utah.  63.  Boutwell,  Keith, 
and  Emmons,  U.  S.  Geol.  Surv.,  Prof.  Pap.  38,  1905.  (Bingham.) 
— Vermont.  64.  Packard,  Eng.  and  Min.  Jour.,  Jan.  4,  1908. 
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CHAPTER  XVII 

LEAD  AND   ZINC 

It  is  usually  customary  to  treat  these  two  ores  together  for  the 
reason  that  they  are  so  frequently  associated  with  each  other,  but  it 
must  not  be  understood  from  this  that  they  are  found  free  from 
association  with  other  metals,  as  in  the  Rocky  Mountain  region,  for 
example,  gold,  silver,  or  copper  may  often  occur  with  them,  forming 
ores  of  somewhat  complex  character. 

The  silver-lead  ores  form  a  somewhat  distinct  class  and  are  treated 
separately. 

Ore  Minerals  of  Zinc. — The  zinc-ore  minerals,  together  with  the 
percentage  of  zinc  which  they  contain,  are: — 


Sphalerite  (Isometric) 
Wurtzite  (Hexagonal) 
Smithsonite 
Calamine 
Hydrozincite 
Zinoite  .  . 
Willemite  . 
Franklinite 


ZnS 

ZnS 

ZnCOs 

2  ZnO,Si02,H20 

ZnC08,2Zn(OH)2 

ZnO 

2ZnO,SiO, 

(FeMnZn)O,  (FeMn)jOi 


67 
67 

51.96 
54.2 
60 
80.3 
58.5 
variable 


Of  these  ores,  sphalerite  (also  known  as  blende,  jack,  rosin  jack,  or 
black  jack)  is  by  far  the  most  important,  except  in  northern  New  Jersey, 
where  it  is  practically  lacking  and  franklinite  and  willemite  abound. 

Sphalerite  may  be  either  a  primary  or  secondary  ore.  Wurzite  has 
been  noted  in  some  of  the  Missouri  ores,  and  many  massive  blendes  may 
be  a  mixture  of  sphalerite  and  wurtzite.^ 

Blende  is  often  associated  with  other  sulphides,  especially  galena, 
pyrite,  and  marcasite,  but  more  rarely  chalcopyrite. 

Smithsonite,  found  in  the  oxidized  zone,  is  a  comparatively  rare  ore 
mineral  in  the  United  States,  although  it  is  an  important  one  in  Europe. 
Calamine,  also  an  oxidized  ore  mineral,  is  far  more  abundant,  and  found 
in  many  deposits.  Both  smithsonite  and  calamine  may  occur  in  a  pure 
and  crystalline  form,  but  more  often  they  are  quite  impure,  and  of  crusted 
or  earthy  character.     Hydrozincite  is  not  uncommon  in  some  districts. 

1  J.  Noelting,  Zeit.  Kryst.  u.  Min.,  XVII :  220,  1890. 
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Ore  Minerals  of  Lead.  —  The  lead-ore  minerals,  together  with 
their  composition  and  the  percentage  of  lead  which  they  contain, 
are:  — 


Galena  .  .  . 
Cerussite  .  . 
Anglesite  .  . 
Pyromorphite  . 


PbS 

86.4 

PbCO, 

77.5 

PbSO* 

68.3 

Pb^PaOs  +  JPbCl, 

76.36 

There  are  a  vast  number  of  lead  minerals  in  addition  to  the  above, 
but  they  have  little  or  no  commercial  value  on  account  of  their  rarity. 

Of  the  above-named  ore  minerals  galena  is  the  commonest,  and  may 
be  of  either  primary  or  secondary  character.  .It  frequently,  especially  in 
the  complex  ores,  carries  variable  amounts  of  silver.  The  other  three 
lead-ore  minerals  are  usually  found  in  the  oxidized  zones,  and  the  cerussite 
is  not  uncommon,  but  the  sulphate  when  formed  usually  changes  to  the 
carbonate. 

« 

The  lead  and  zinc  ores  may  be  divided  into  three  groups  as  follows: 
(1)  lead  and  zinc  ores,  practically  free  from  copper  and  the  precious 
metals;  (2)  lead  and  zinc  ores,  carr3''ing  more  or  less  gold  and  silver, 
as  well  as  some  iron  and  copper;  (3)  lead-silver  ores. 

In  the  first  group  iron,  lead,  and  manganese  are  not  uncommon 
impurities,  and  those  of  southwestern  Missouri  contain  small 
amounts  of  cadmium ;  but  this  is  not  injurious,  as  it  is  more  volatile 
than  the  zinc  and  easily  driven  off.  Calcite,  dolomite,  and  pyrite 
or  marcasite  are  common  gangue  minerals,  and  barite  or  fluorite 
may  occur  at  certain  localities. 

The  ores  of  the  second  group  are  confined  to  the  Rocky  Moun- 
tain region,  and  are  not  only  of  complex  character,  but  differ  in  their 
form  and  origin  from  most  of  the  eastern  ones.  Quartz  is  probably 
the  commonest  gangue  mineral,  but  there  may  be  other  less 
important  ones.  Antimony,  arsenic,  and  iron  may  be  among  the 
impurities. 

The  silver-lead  ores,  which  are  confined  to  the  western  states, 
carry  silver  and  lead  as  their  chief  metals,  but  may  contain  smaller 
amounts  of  zinc,  gold,  or  iron.    They  show  a  preference  for  limestone. 

Mode  of  Occurrence.  —  Zinc  and  lead  ores  may  occur  under  a 
variety  of  conditions,  viz. :  fl)  as  true  metalliferous  veins ;  (2)  irreg- 
ular masses  in  metamorphic  rocks ;  (3)  as  irregular  masses  or  dis- 
seminations, formed  by  replacement  or  impregnation  in  limestones 
or  quartzites ;  (4)  in  contact-metamorphic  deposits ;  (5)  in  cavi- 
ties not  of  the  fissure-vein  type ;  and  (6)  in  residual  clays. 
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Both  lead  and  zinc  are  what  may  be  termed  somewhat  persistent 
minerals,  since  they  are  able  to  form  mider  a  variety  of  physical 
conditions,  originating^  in  contact  deposits,  deeper  vein  zones, 
middle  and  upper  vein  zones,  and  by  the  action  of  meteoric  waters. 
It  will  be  noticed,  from  the  foregoing,  that  none  occur  as  magmatic 
segregations. 

Neither  lead  or  zinc  ores  are  restricted  to  any  one  formation,  but 
the  majority  of  economically  valuable  deposits  of  these  metals, 
without  silver,  gold,  or  copper,  are  found  in  the  Paleozoic  formations, 
although  a  few  are  known  in  pre-Cambrian  rocks. 

While  the  metallic  content  of  the  ore  as  mined  is  often  low,  still, 
owing  to  the  great  diflPerence  in  gravity  between  ore  and  gangue 
minerals  (excepting  pyrite  or  marcasite  and  blende),  it  is  often 
possible  to  separate  them  by  mechanical  concentration ;  and  for  the 
zinc  ores  magnetic  separation  has  been  successfully  tried. 

Superficial  Alteration  of  Lead  and  Zinc  Ores.  —  Galena  is  often 
altered  near  the  siu*face  to  anglesite  or  cerussite.  The  former, 
however,  is  unstable  in  the  presence  of  carbonated  waters  and 
changes  readily  to  carbonate.  Phosphates  are  developed  in  rare 
instances. 

Sphalerite,  the  common  ore  of  zinc,  is  often  changed  superficially 
to  smithsonite,  hydrozincite,  or  calamine.  Such  oxidized  ores  are 
of  greater  value  than  unoxidized  ones,  because,  although  carrying  a 
lower  percentage  of  zinc,  they  occur  in  a  more  concentrated  form 
and  yield  more  easily  to  metallurgical  treatment. 

The  sulphates  and  carbonates  produced  by  weathering  may  be 
carried  down  below  water  level  and  reprecipitated  as  sulphides,  thus 
causing  secondary  enrichment. 

Some  of  the  reactions  which  may  take  place  are  referred  to  under 
secondary  enrichment  in  Chapter  XIV. 

Owing  to  the  fact  that  sphalerite  weathers  more  rapidly  than 
galena,  the  zinc  is  usually  carried  down  below  water  level  more 
rapidly  than  the  lead,  and  this  may  result  in  a  zonal  distribution  of 
the  ore,  lead  predominating  above  and  zinc  below.  Cases  of  this 
sort  are  not  uncommon. 

Distribution  of  Lead  and  Zinc  Ores  in  the  United  States  (Fig.  170). 
—  The  occurrence  of  lead  or  zinc  with  gold,  silver,  and  copper  is 
confined  chiefly  to  the  Cordilleran  region,  and  shows  a  most  varied 
mode  of  occurrence;  but  commercially  valuable  deposits  of  lead 
alone,  or  lead  and  zinc,  are  confined  to  the  Mississippi  Valley,  while 

1  lindgren,  Econ.  Geol.,  II:  107. 
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thoee  of  zinc  alone  or  with  little  lead  are  restricted  to  the  Appala- 
chian region  as  seen  below. 

Lead  Alone.  Appalachian  BeU  (17,  34).  — Lead  (sometimes 
argentiferous)  occurs  at  a  number  of  localities  from  Maine  to  Geoi^a 
filling  small  veins  in  metamorphic  rocks,  and  the  deposits  have  at 


various  times  aroused  temporary  interest.  There  is  no  likehhood 
of  their  ever  becoming  important  producers,  although  exciting 
rumors  regarding  them  are  occasionally  circulated. 

Sauiheaslem  Missouri'  (22,  26).  —  The  disseminated  lead  ores 
of  southeastern  Missouri  lie  mainly  within  St.  Francis,  Washington, 
and  Madison  counties,  the  geologic  section  involving  the  following 
formations:  — 


Pre-CambriMi. 


Potosi  dolomite. 

Doerun  ai^la^eouB  dolomite. 

Derby  dolomit*,  thickly  bedded. 

Davis  formation,  chieSy  shale 
with  thin  beda  of  limestoae, 
dolomite  and  limestone  con- 
glomerate. 

Bonneterre,  nuunly  magacaitui 
limestone  with  sandy  ^olomite 
and  shale. 

Lamotte  sandstoae. 

Unconformity. 

Granite  and  rhyolite  with  intru- 
sive diabase  aikes. 


300  ft.  + 
60-100  ft. 
40  ft. 


■  The  abatmct  of  this  diatrict  wu  Idudly  funmhed  by  Dr.  E.  R.  Buckley. 
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While  the  sedimentary  series  as  a  whole  has  retained  its  originally 

approximately  horizontal  position,  there  are  numerous  local  dips, 

some  of  which  may  be  as  much  as  45°.     The  numerous  small  faults 

of  the  district  are  roughly  groupable  into  a  northeast-southwest  and 

a  northwest-southeast  system.      Most  of 

the  faults  are  of  normal  type  and  usually 

have  a  throw  of  less  than  100  feet;  but 

those  of  the  major  zones  show  aggregate 

displacements  of  700,  600,  and  400  feet 

respectively. 

The  ore  liodies  of  the  district  usually  he 
in  pitching  troughs,  and  while  some  galena 
f     n  of  massive  crystallized  type  has  been  mined 

t-wwt  with  profit  from  the  Potosi,  and  upper  part 

WpfA  of  the  Bomieterre,  the  disseminated  de- 

w^^  posits,  which  are  the  main  source  of  the 

wii  lead  ore  in  the  district  at  the  present  day, 

WM:Mi  occur  mainly  in  the  lower  half  of  the  Bonue- 

^^^  In  the  so-called  disseminated   lead-ore 

bodies,  seven  types  of  occurrence  are  noted, 
of  which  the  first  is  the  most  important: 
(1)  disseminations  in  dolomite,  shale,  and 
chloritic  rock ;  (2)  horizontal  sheets  along 
beddii^  planes;  (3)  filling  or  lining  the 
walb  of  joints ;  (4)  in  cavities,  vugs,  and 
similar  openings,  somotimes  embedded  in 
soft  blue  clay  or  mixed  with  calcite  and 
pyrite;  (5)  in  shale  along  fault  planes; 
•■  (6)  in  cubes  and  a^regates  of  cubes  in  red 
clay,  filling  channels  and  large  openings 
limoaione,  aloi^  fault  zones ;  (7)  as  cerussite  in  de- 

DoB  Run,  Mo.    (After  composed  dolomite. 

Bucmi.m.  Bur.  Gtoi.       .jijg  disseminated  lead-ore  bodies  are  in 

JUtR.,  lA.J 

part  the  result  of  the  abstraction  of  lead 
from  waters  circulating  along  channels  and  bedding  planes  in  their 
journey  from  the  surface  to  the  Lamotte  sandstone,  and  in  part 
from  solutions,  under  hydrostatic  pressure,  which  rise  along  channels 
extending  upward  into  the  dolomite,  from  the  underlying  sand- 
stone. 

In  the  Bonneterre  formation  the  conditions  were  favorable  for 
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the  reduction  of  the  metallic  salts^  resulting  in  their  precipitation 
as  ore  bodies. 

The  details  of  the  deposition  are  considered  to  be  about  as  follows: 
At  the  surface  there  is  an  oxidized  zone  containing  galena,  which  is  being 
abstracted  by  surface  water  percolating  down  towards  the  Lamotte  sand- 
stone, which  on  account  of  its  high  porosity  serves  as  a  storage  reservoir 
of  water  containing  lead  in  solution.  Between  these  two  zones  is  the 
Bonneterre  formation,  with  its  carbonaceous  and  chloritic  reducing  agents, 
and  in  which  formation  the  lead  has  been  deposited. 

Channels  furnish  connecting  ways  between  the  oxidized  zone  and  the 
sandstone,  and  the  rocks  along  these  have  been  and  are  being  oxidized,  per- 
mitting the  direct  transference  of  oxidizing  solutions,  carrying  lead. 

Some  water  may  have  also  entered  the  sandstone  by  other  channels. 

The  dolomite,  which  is  now  oxidized  along  the  channels  traversing  it, 
was  at  one  time  of  a  reducing  nature,  and  the  deposition  of  the  galena 
found  in  the  rock  adjacent  to  these  passageways  must  have  occurred 
before  the  dolomite  was  oxidized.  At  such  time  any  oxidizing  solutions 
carrying  lead  which  penetrated  the  lower  horizon  of  the  Bonneterre  for- 
mation must  have  been  brought  in  from  other  areas,  chiefly  through  the 
rock  outcropping  near  the  area  of  igneous  rocks.  The  galena  in  the 
crevices  may  have  been  introduced  in  part  by  ground  water  from  the  sur- 
face, and  in  part  from  water  rising  from  the  Lamotte  sandstone.  It  is 
thought  that  the  ore  bodies  in  the  Bonneterre  are  mainly  subsequent  to 
the  establishment  of  zones  of  communication  along  the  oxidized  channels. 
The  original  soiurce  of  the  lead  was  the  igneous  rocks,  its  transference  to 
the  sedimentary  formation  having  taken  place  during  successive  periods 
of  decomposition  by  the  surface  and  ground  water  circulations,  the  waters 
carrying  the  metallic  compounds  down  into  the  sea  where  they  became 
incorporated  in  the  sediments  then  forming. 

Desiherized  Lead} — The  important  localities  supplying  this  type 
of  lead  are  described  under  lead-silver  ores,  but  brief  reference  may 
be  made  to  them  here.  Idaho  is  the  most  important  producer,  most 
of  the  ore  coming  from  the  Coeur  d'Alene  district.  In  Utah  much 
is  obtained  from  the  Park  City  district  of  Summit  County,  the  Bing- 
ham Cafion  and  Cottonwood  districts  of  Salt  Lake  County,  and  the 
Tintic  district  of  Juab  County.  Colorado's  main  supply  is  yielded 
by  the  Leadville  mines  in  Lake  Coimty  and  the  Aspen  mines  of 
Pitkin  County,  while  smaller  amounts  are  abtained  from  Creede, 
Lake  City,  Ouray,  and  Rico.     (See  Ijoad-Silver  references.) 

Comparatively  little  lead  is  produced  in  the  western  states,  except 
in  the  three  mentioned  above. 

As  pointed  out  by  Bain,  the  important  lead  ores  of  this  region  are 
closely  associated  with  both  igneous  and  sedimentary  rocks.     At 

*  TJua  term  is  applied  to  those  occurrences  of  lead  associated  with  silver.  In  the 
Bmeitmg  of  the  ore,  the  two  metals  are  separated.  <*- 
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Leadville,  Aspen,  and  Park  City  the  sediments  are  dolomites  and 
limestones,  and  at  Cceur  d'Alene  they  are  shales  and  quartzites. 
While  the  ores  seem  to  favor  igneous  associations,  still  the  larger 
bodies  are  found  where  both  classes  of  rocks  occur. 

Zinc  Ores.  —  The  zinc-producing  r^ons  of  the  United  States 
are  the  eastern  and  southern  states,  the  Mississippi  Valley,  and  the 
Rocky  Mountain  region. 

The  ore  from  the  different  districts  varies  in  grade,  associations, 
and  mode  of  occurrence. 

In  tonnage  terms,  the  main  zinc-producing  districts  are  the  Jophn, 
Missouri,  Sussex  County,  New  Jersey,  and  Colorado.  The  JopliQ 
ores  are  the  main  source  of  supply  of  the  Kansas,  Missouri,  and 
Illinois  smelters,  but  Colorado  and  even  British  Columbia  ore  is 
shipped  to  Kansas.  Most  of  the  New  Jersey  ore  is  used  for  zinc 
oxide,  but  smaller  amounts  are  exported  or  used  for  spelter. 

Eastern  and  Southern  States.  —  The  localities  where  zinc  alone 
occurs  are  Sussex  County,  New  Jersey;  Saucon  Valley,  Pennsyl- 
vania; and  the  Virginia-Tennessee  belt.  Qf  these  the  first  is  the 
most  important,  and  the  third  yields  a  little  lead. 

Sussex  County,  New  Jersey  (27-29),  —  The  output  of  these  mines 
is  second  in  importance  to  those  of  the  Mississippi  Valley  region. 

The  district  (PI. 

I  I  •  XLII)    includes 

two  general 

areas      situated 

*    close     tc^ther, 

j    the    one    called 

Mine     Hill,   at 

I    Franklin,     and 

the  other  called 

;     Sterling  Hill,  at 

'    Ogdensburg,  two 

Fia.  172.  —  Modd  of  Franklin  linc-ore  body.     (AfterNaxm,   miles   farther 

Amur.  Imt.  Min.  Bnffr...  Traiui.  XXIV.)  ,, 

The  ore  deposits  are  in  white  limestone,  which  is  bounded  on  the 
northwest  by  gneiss,  and  on  the  southeast  by  blue  Cambrian  lime- 
stone along  a  fault  line. 

At  Mine  Hill  (Fig.  172)  the  northerly  pitching  ore  body  lies  in  the 
white  limestone  adjacent  to  its  contact  with  the  gneiss,  and  has  the 
shape  of  a  trough,  whose  southern  end  appears  to  be  doubled  ov,er 
into  an,  anticline.     Magnetite  depoats  outcrop  locally  along  the 
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Fig.  173.  —  Plan  of  outcrop  and  workings  of  the  Sterling 
Hill  ore  body.  {After  Spencer,  N,  J.  Geol.  iSurv.,  Aniu 
Rept.,   1908.) 


limestone  gneiss  contact,  both  adjacent  to  the  zinc  deposit,  and  for 
a  distance  of  more  than  one  half  mile  to  the  southwest. 

The  Sterling  Hill  (Fig.  173)  deposit  at  Ogdensbm*g  lies  away  from 
the  limestone  gneiss  contact.  The  ore  body  is  also  a  trough,  which 
pitches  towards 
the  east,  and  has 
a  hook-like  out- 
crop. Both  sides 
of  the  trough  dip 
southeast ;  the  ex- 
act extent  of  this 
ore  body  is  not 
known. 

The  ore  miner- 
als are  principally 
f ranklinite,  willem- 
ite  (often  some- 
what manganifer- 
ous),  and  zincite. 
These,  together  with  tephroite,  are  practically  the  only  metallic 
minerals  at  Sterling  Hill;  but  in  the  Mine  Hill  deposits,  several 
other  zinc-  and  manganese-bearing  minerals,  mainly  silicates,  are 
not  imcommon.     Sphalerite  occurs  sparingly. 

The  gangue  minerals  are  calcite,  rhodonite,  garnet,  pyroxene,  and 
hornblende.  The  ore  is  granular,  and  some  of  it  shows  strong  foli- 
ation. There  is  usually  a  gradation  from  ore  into  coimtry  rock, 
and  while  the  ore  appears  to  show  a  lamination  corresponding  with 
that  of  the  gneisses,  the  three  dominant  ore  minerals  mentioned  are 
not  evenly  mixed  in  all  parts  of  the  ore  body. 

At  Mine  Hill  the  run  of  mine  ore  has  been  estimated  to  contain  from 
19  to  22.5  per  cent  iron,  6  to  12  per  cent  manganese,  27  per  cent  zinc. 

The  franklinite  has  been  found  to  contain  from  39  to  47  per  cent  iron, 
10  to  19  per  cent  manganese,  and  6  to  18  per  cent  zinc ;  the  willemite  from 
1.5  to  3  per  cent  each  of  iron  and  manganese ;  and  the  zincite  about  5  per 
cent  manganese  and  iron. 

At  Sterling  Hill  the  limestone  lying  between  the  outcropping  ends 
of  the  sides  of  the  trough  is  mineralized,  while  inside  the  trough  of 
ore  there  is  a  curved  dike  of  hornblendic  pegmatite,  and  on  the  con- 
vex side  of  the  dike,  towards  the  ore,  there  are  occasional  develop- 
ments of  garnet,  zinciferous  pyroxene,  and  biotite. 

We  have  in  this  district  two  zinc  deposits,  which  are  quite  different 
2r 
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froin  all  other  known  deposits  of  this  metal,  not  only  because  of  the 
association  of  iron,  manganese,  and  zinc  in  such  ore  bodies,  but  also 
because  of  the  form  of  combination  of  the  zinc  ores.  Thus  we  have 
the  oxides  franldinite  and  zincite,  together  with  the  silicate  willemite, 
occurring  in  great  abundance,  although  very  rare  elsewhere. 

The  origin  of  these  deposits  is  of  unusual  interest,  for  they  not 
only  contain  in  abundance  a  number  of  zinc  minerals,  rare  or  un- 
known elsewhere,  but  many  other  mineral  species  as  well. 

Kemp  (27)  considers  that  the  ore  was  probably  deposited  by  solu- 
tions stimulated  by  intrusions  of  granite,  and  subsequently  metamor- 
phosed, but  WolflF  (29)  suggests  that  they  are  contemporaneous  in 
form  and  structure  with  the  inclosing  limestones  and  hence  older 
than  the  granites. 

Spencer  (28)  argues  that  the  present  characters  of  the  ore  masses 
and  wall  rocks  originated  contemporaneously  because  the  two  are 
not  sharply  separated;  so  that  the  deposits  must  have  been  intro- 
duced either  before  or  during  the  metamorphism  of  the  containing 
rocks  and  the  igneous  rocks  which  are  now  gneisses.  He  favors 
the  view  that  the  lean  ore  of  Sterhng  Hill  was  probably  deposited 
by  magmatic  waters  which  permeated  and  replaced  the  limestone, 
and  while  the  richer  ore  may  have  been  formed  in  the  same  way, 
there  is  also  the  possibility  that  the  main  ore  layer  at  Sterling  Hill 
and  the  mass  of  ore  at  Mine  Hill  were  injected  bodily  into  the  lime- 
stones, Uke  igneous  intrusions. 

The  pegmatites  are  evidently  the  source  of  many  of  the. rarer 
minerals  found  in  these  deposits,  because  they  are  closely  associated 
with  them. 

But  after  all  the  work  that  has  been  done  in  studying  these  de- 
posits, one  has  to  admit,  without  any  intention  to  disparage  the 
investigators,  that  the  theories  regarding  the  possible  origin  of  these 
deposits  are  still  lai'gely  speculative 

These  ore  bodies  are  of  some  historic  interest,  having  been  prospected 
as  early  as  1640  and  mined  in  1774.  The  Mine  Hill  deposits  were  worked 
for  iron  ore  as  early  as  the  beginning  of  the  last  century,  the  zuio  Tnining 
having  begun  about  1840. 

The  Sussex  County  ores,  while  chiefly  valuable  as  a  source  of  zinc,  are 
likewise  of  importance  because  of  their  iron  and  manganese  eontents. 

Three  products,  viz.  spelter,  zinc  oxide,  and  spiegeleisen,  are  made 
from  them. 

The  Mine  Hill  ores  are  now  treated  by  magnetic  separators,  which 
yield  three  products,  as  follows :  1.  Mainly  frankiinite,  ujsed  in  prepara^ 
tion  of  zinc  white,  the  residuum  from  this  going  to  blast  furnace  to  make 
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spiegeleisen.  2.  Half  and  hail,  coatAining  franklimte,  rhodonite,  gtu-net, 
and  other  sUioatos  with  attached  particles  of  the  richer  ziac  minerslB. 
This  contains  a  Uttle  more  zinc  than  the  franklinite,  and  while  it  can  be 
used  for  zinc  white,  the  residuum  ia  too  high  in  silica  for  the  spiegeleisen 
furnaces.  3.  Willetnite  product,  which  consists  of  willemite  and  zincite, 
with  caloite  and  silicates  as  impurities.  The  calcite  is  removed  in  jigs 
and  on  conoentrating  tables,  leaving  material  adapted  to  manufaAture  of 
high-grade  spelter  free  from  lead  or  cadmium. 

The  dust  from  the  orushing  and  concentrating  plant  is  also  saved  for 
makinE  zino  oxide.  The  following  gives  the  approximate  percentage  of 
eaeh  product  and  its  zino  contents. 

Prodtjcts  or  Mill  at  Franklin  Fcrnace 


Percent  or  E«H 

Pes  Cent  or  Zinc 

Franklinite 

Half  and  Half 

49 
12 
4 
25 
10 
100 

22 
24 
27 

Calcite 

6 

Virffinia-Tennesaee  Belt  (39,  40,  47).  —  Zinc  and  some  lead  occur 
in  a  belt  extendii^  from  southwest  Vii^nia  into  Tennessee.  The 
ores  are  intimately  associated  with  Cambro-Ordovician  limestone, 
and  show  two  types,  viz. :  (I)   secondary  or  weathered  ores,  includ- 


Fw.  174.  —  Section  of  Bertha  sine  mines.  Wythe  Co..  Va. ,  showina  irregular  surface 
of  limesloDe  covered  by  reaidual  clay-bearina  ore.  {Afler  Catt.  Amer.  In»l.  ilin. 
Bnon..   Tram.  XXII.) 

ing  calamine,  smithsonite,  and  cerussite,  which  are  concentrated  in 
the  residual  clays  next  to  the  irregular  weathered  surface  of  the  lime- 
stone (FIr.  174) ;  and  (2)  primary  ores,  includii^  sphalerite,  galena, 
and  some  pyriis,  belon^ng  to  the  disseminated  replacement  breccia 
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type  (Fig.  175),  and  which  have  been  localized  by  ground  waters 
along  the  crushed  and  faulted  axes  of  the  folds.    The  gangue  miner- 


al3  are  chiefly  calcite,  dolomite,  and  some  barite,  Fluorite  is  known, 
and  quartz  may  occur  in  the  form  of  ciiert.  One  deposit  only,  in 
Albemarle  County,  is 
found  in  schist,  and  is 
closely  associated  with 
igneous  rocks. 

Pennsybxmia  (37,  38). 

—  The  Saucon  Valley 
deports  promised  at  one 
time  to  become  promi- 
nent producers,  but  have 
not,  owing  more  to  geo- 
logical conditions  than 
actual  scarcity  of  ore. 

MisGiBslppi  Valley 
Lead  and  Zinc  Region. 

—  This  re^on  contains 
trBranrur,  several  somowhat  sepa- 
rated groups  of  depouts, 

viz.:  (1)   the  Ozark   Region,    (2)    upper  Mississippi  Valley  area, 
(3)  outlying  districts,  chiefly  in  aouthern  Arkansas,  and  Kentucky 
and  lUinois.     Of  these  the  first  is  the  most  important. 
Ozark  Reffion  (18-26) .  —  This  region,  which  lies  mostly  in  Missouri 
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1  2  (Fig-  176),  but  also  includes  por- 

q  J  tions  of  Arkansas,  has  four  districts, 

■|  3  viz.:  (1)  the  southeastern  Missouri, 

I  .J  which  is  essentially  lead-producii^, 

"  tt  and  has  been  described  on  an  earlier 

°  "^  page;    (2)    the  Central    Missouri, 

1  £  containing  small  ore   bodies  with 
"^  ^  both  lead  Mid  zinc    (19) ;   (3)  the                   |  2 
a  S  Missouri-Kansas,   or  southwestern                    |  ts 

2  J  Missouri,  mainly  a  zinc-producing  ^  ^ 
^"  area;  (4)  northern  Arkansas  (1,  2),  ^  ^_ 
w  I  producing  chiefly  zinc,  with  some                    |  § 

tl  ''"*•                                       "            li 

I J  The   third,   or   most   important  *                s  J 

**  O  one,  will  be  specially  referred  to.       "                2  "^ 

g  1  The  Ozark  uplift  or  plateau  is  a  ^               "^  S 

1  e  'o^i  rudely  elliptical  dome   (Figs,  j               J  j 

I  %  177,  178),  lying  mostly  in  southern  "■                £  g 

S  I  Missouri   and   northern  Arkansas.                   §  J 

S  I  The  Boston  Mountains  form  the                  ^  ' 

S  k  southern  boundary,  while  it  merges                   i|  | 

J  into  prairie  on  the  west  and  north,                  J  .| 
and  tbe  Gulf  Plains  on  the  east  and  .                  g  J 

■3  ■=  southeast.                                                             -n  B 

1  a  The  rocks  are  mostly  of  sediment-                    ■§,  "S 

a  I  ary  origin,  but  pre-Cambrian  gran-  *                eg 

§  g  ites  and  porphyry  form  some  of  the  "               "^  | 

J  g  peaks  of  the  St.  Francis  Mountains.  "*                "  J 

J  I  The  Cambrian  and  Cambro-Ordo-  .^               J  .g 

!s  vicitin  dolomites,  and  limestone  and                    g  ^ 

§  3  sandstone.')   underlying  the  central 

I  g  Ozark  area,  surround  these  moun- 

%  -a  tMns  concentrically,  and  are  in  turn 

X  ^  flanked  successively  by  Devonian 

I  I  to  Pennsylvanian  rocks. 

"2  I  Joplin  Area  (18,  24.  25).  —This 

I  J  is  the  most  important  area  in  the 

?  I  S  Missouri-Kansas  district,  and  the 

.  g  «  generalized  geological  succession  is 

"  1  2  *'hownin  the  accompanying  diagram 

g  (Fig.  17!)). 
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The  ore  deposits  of  the  Joplin  district  occur  in  large  but  very 
irregular  masses  of  chert  and  limestone,  which  are  unusually  brec- 
ciated  and  cemented  by,  or  impregnated  with,  dolomite,  jasperoid, 
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CHARACTER  OF   ROCKS 


Drab  to  black  thale  and  gray  to 
buff  sandstone  with  occaslonaj 
beds  of  coal. 


Ught  to  dark  shales  and  shaly 
and  oolitic  limestone  with 
some  massive  soft  to  hard 
sandstone!. 


Massive  homogeneous  bed  of 
oolitic  limestonot 


Limestone,  in  large  part  crystal' 
line,  with  interbedded  chert. 


Heavy  -bedded,  solid  chert 


Fio.  179.  —  Generalized  geologic  section  of  the  Joplin  district.     (U.S.  Geol.  Sunt., 

Ad.  FoL  148.) 


calcite,  or  sphalerite,  and  carry  considerable  amounts  of  sphalerite, 
galena,  and  iron  sulphide.  Of  subordinate  importance  are  chalco- 
pyrite,  greenockite,  barite,  and  other  minerals.  Weathering  devel- 
ops oxides,  carbonates,  sulphates,  and  silicates  of  many  of  the  above. 
They  are  found  in  the  Boone  formation  and  show  a  close  association 
with  certain  forms  of  fracturing  and  brecciation. 


LEAD  AND  ZINC  439 

Jasperoid,  which  is  the  commonest  gangue  material,  fonns  a  cement 
of  chert  breccias  or  intercalations  in  practically  undisturbed  beds 
in  sheet  ground ;  it  is  usually  of  a  dark  gray  to  nearly  black  color 
when  fresh,  and  the  microscope  shows  it  to  be  a  fine-grained  ailotri- 
omorphic  aggregate  of  quartz  (Fig.  180).  Some  have  thought  it  to 
be  a  mud-like  deposit  that  was  later  siUcified,  but  it  is  more  probably 
a  fflliceous  replacement  of  limestone. 


Pio.  ISO.  —  Photo-micrograph  of  jasperoid,  Hhowing  5ae  grBnulor  aggregate  of 
quarti.  wiih  Bphaterite  (sbaded)  and  dolomite,  the  latter  including  minute  quarti 
cryBtala.     X  53.     (4/W  Smilk  and  Sviitnlhal.) 


The  two  important  forms  of  ore  body  are  runs  and  sheet  ground. 

The  runs  are  irregular,  usually  elongated,  and  in  places  tabular 
and  inclined  bodies  of  ore,  associated  with  breccias  produced,  accord- 
ing to  Smith,  by  minor  faulting.  They  may  be  10  to  50  feet  wide, 
and  of  about  the  same  depth. 

In  the  commonest  type  of  runs  the  ore-bearing  breccias  and  massive 
secondary  dolomite  are  juxtaposed  sloog  s.  steeply  inclined  contact  plane, 
with  the  breccia  on  the  banging  wall ;  behind  the  irre^lar  zone  of  dolo- 
mite are  unreplaeed  limestone  and  country  rock,  while  back  of  the  chert 
breccias  are  bedded  cherts  and  subordinate  limestones.  The  dolomite 
zone  was  formed  by  the  metasomatism  of  limestone. 
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Sheet  ground  or  blanket  veins  are  nearly  horizontal,  tabular  ore 
bodies,  often  of  great  lateral  extent.  The  sulphides  occur  in  part 
along  bedding  planes  of  cherts  and  in  part  in  breccias  resulting  from 
slight  folding  and  Faulting  of  the  bedded  rocka.  In  the  breccias  the 
ore  occurs  as  a  cement  or  in  jasperoid,  while  in  the  bedding  planes 
it  is  in  solution  cavities  or  in  jasperoid. 


The  sheet  ground  averages  lower  in  ore  contents  than  the  runs,  but 
is  more  uniform  in  character  and  being  all  at  one  level  ie  more  easily  mined. 
Ore  running  6  per  cent  ia  regarded  as  good,  but  when  it  fsJla  to  2j  per  cent 
it  hardly  pays  to  work  it. 

In  the  runs  the  galena  ia  most  abundant  above,  while  the  sphalerite 
occurs  in  the  middle  or  lower  portion,  but  in  the  sheet  ground  there  is  no 
such  vertical  separation. 

The  Joplin  district  is  a  most  important  producer  of  zinc,  and  while 
the  content  of  this  metal  is  low  in  the  ore  as  it  comes  from  the  mines, 
still  concentration  raises  it  to  about  58  per  cent.  The  average  tenor  of 
lead  is  .5  to  1  per  cent  and  of  iron  from  1  to  2  per  cent.  It  assays  about 
30  per  cent  sulphur,  and  the  remainder,  besides  a  little  cadmium,  is  silica. 

An  analysis  representing  the  average  of  3800  carloads  of  blende  shipped 
from  the  Joplin  district  in  the  first  part  of  1904  is  given  by  Ingalls  as: 
Zn,  58.26;  Cd,  .304;  Pb,  .70;  Pe,  2.23;  Mn,  .OI;-.Cu,  .049;  CaCO,, 
1.88;  MgCO,,  .85;  SiO,,  3.95;  BaSO,.  .82;   S,  30,72 ;\  total  99.773. 

Origin  of  the  Ores.  —  Most  of  the  theories  of  the  orjgin  of  these  ores 
agree  in  considering  that  their  concentration  has  been  caused  by 
circulating  meteoric  waters  which  have  collected  th?  ore  particles 
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from  the  limestones,  although  in  one  instance  at  least  they  seem 
to  be  associated  with  igneous  intrusions  (26  a). 

Analyses  of  the  limestones  (26)  show  amounts  of  from  .001  to 
.015  per  cent  of  lead  and  zinc  in  the  Cambro-Silurian  magnesian 
limestones  and  Archsean  rocks  in  the  southeastern  part  of  the  Ozark 
region,  and  from  .002  to  .003  per  cent  in  the  Lower  Carboniferous 
limestones. 

These  averages,  expressed  in  different  form,  give  87  poimds  of 
galena  per  acre  in  a  one-foot  layer,  and  261  pounds  of  blende  in  the 
same  volimie  of  rock. 

While  agreeing  as  to  the  ultimate  source,  the  different  geologists 
who  ha-ve  studied  these  deposits  reached  somewhat  varying  con- 
clusions as  to  their  mode  of  concentration. 

A  brief  r6simi6  of  these  views  is  of  interest  partly  because  they 
indicate  what  varied  conceptions  may  be  based  on  the  same 
evidence. 

A.  Schmidt  ^  believed  that  dolomitization  of  the  cherty  limestones 
caused  a  shrinkage  of  the  rock,  and  was  accompanied  by  a  deposition 
of  the  ore.  Subsequent  solution  of  the  limestone  caused  a  collapse 
of  the  residual  chert,  followed  by  further  deposition  of  ore. 

Haworth^  suggested  that  after  the  chert  and  limestone  were 
greatly  fractured  and  dislocated,  the  sulphides  were  deposited,  but 
that  the  deposition  of  secondary  chert  had  begun  before  sulphide 
deposition  ceased. 

Winslow  (26)  thought  that  the  breccia-filled  caverns  in  the  coun- 
try rocks  were  formed  by  the  percolation  of  surface  waters,  and  that 
the  metalliferous  minerals  w^ere  leached  out  of  the  overlying  rocks 
by  surface  solutions  and  deposited  in  these  breccias. 

Jenney  (23),  however,  believes  the  ores  to  have  been  deposited 
by  ascending  solutions. 

Bain  and  Van  Hise  (18)  after  stud5dng  the  district  concluded  that 
both  ascending  and  descending  waters  were  active.  They  also 
expressed  the  view  that  while  the  more  important  circulations  have 
occurred  in  the  Cambro-Silurian  limestones  and  those  of  the  Missis- 
sippian  or  Lower  Carboniferous  series,  still  the  concentration  process 
has  been  often  repeated  in  many  different  horizons  and  at  different 
depths. 

According  to  their  theory,  then,  the  chemical  changes  which  took 

>  Mo.  Geol.  Surv.,  I,  1873-1874. 

'  Contribution  to  Geology  of  Lead  and  Zinc  Mining  Districts  of  Cherokee  Co., 
Kansas. 
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place  in  the  primary  concentration  of  the  ores  were  the  oxidation  of 
sulphides  (in  the  limestones)  to  sulphates,  the  transportation  of  these 
in  solution,  and  their  reprecipitation  as  sulphides  in  favorable  locali- 
ties. The  localization  of  the  ore  bodies  has  been  due  to  the  presence 
of  fissures  which  permitted  the  mixing  of  the  ore-bearing  solutions, 
but  the  circulation  of  the  latter  has  been  limited  in  many  instances 
by  impervious  beds  of  shale,  and  organic  matter  has  served  as  a 
reducing  agent.  All  of  the  ores  are  found  to  be  closely  associated 
with  lines  of  subterranean  seepage,  and  since  the  open  character  of 
the  breccias  favored  circulation,  much  ore  is  found  in  them.  Where 
folding  has  occurred,  the  water  has  also  sought  the  troughs  of  syn- 
clines  as  in  the  Lake  Superior  district. 

In  the  section  presented  in  the  Ozark  region,  the  Devono-Carbonif- 
erous  shales  and  the  undifferentiated  Carboniferous  shales  afforded 
impermeable  barriers  to  circulation.  The  former,  where  not  faulted, 
held  down  the  ascending  solutions ;  but  where  absent  or  fissured,  the 
solutions  from  the  underlying  Cambro-Silurian  formation  were  able 
to  pass  upward  into  the  Mississippian  and  impregnate  them. 

The  Cambro-Silurian  ores  were  first  concentrated  by  deep  circu- 
lation, and  formed  the  disseminated  ores.  Later,  when  erosion  cut 
away  the  Devono-Carboniferous  capping,  further  concentration 
took  place  -by  descending  solutions,  giving  rise  to  the  ore  bodies  in 
crevices,  breccias,  and  synclines. 

Two  concentrations  have  occurred  in  the  Mississippian  limestones. 

Smith  (25)  agrees  with  Van  Hise  and  Bain  that  the  immediate 
sources  of  the  ores  are  the  various  limestone  formations  below 
the  Pennsylvanian.  He  assiunes  that  the  surface  waters  entered 
the  Mississippian  and  Cambro-Silurian  exposures  to  the  south  and 
east.  Flowing  westward  along  these  beds,  they  then  passed  upward 
through  fractures  into  the  Mississippian  limestones,  mingling  with 
the  waters  from  these.  Both  flows  are  believed  to  have  leached 
the  smaller  quantities  of  lead  and  zinc  ores  from  the  limestones 
through  which  they  passed. 

Precipitation  of  the  ore  occurred  in  the  brecciated  portions  of  the 
Boone  formation  (Pig.  179),  and  was  caused  by  hydrocarbons  which 
reduced  the  sulphates  to  sulphides.  These  hydrocarbons  were  set 
free  by  the  dolomitization  of  the  limestone,  while  COj  was  set  free 
by  reaction  between  the  hydrocarbons  and  the  dissolved  metallic 
compounds.  The  COj  thus  liberated  attacked  some  of  the  adjacent 
limestone,  a  part  of  which  became  replaced  by  silica. 

The  repetition  of  this  cycle  gave  a  continuous  formation  of  dolo- 
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mite,  jasperite,  and  disseminated  blende.  Secondary  concentration 
of  the  ore  may  have  occurred. 

There  are  certain  points  of  similarity  in  the  two  preceding  views. 

Quite  different,  however,  is  the  theory  worked  out  by  Buckley  and 
Buehler  (21).  According  to  them  there  was  an  elevation  of  the 
region  after  the  deposition  of  the  Burlington  limestone,  followed  by 
its  extensive  erosion  and  dissection.  As  a  result  of  this  process, 
great  surface  breccias  of  residual  chert  were  probably  produced  on 
the  hillsides  and  along  the  edges  of  the  stream  valleys.  Subsidence 
during  the  Coal  Measures  period  caused  their  burial  under  Pennsyl- 
vanian  (Middle  Carboniferous)  sediments,  where  they  now  lie  and 
have  been  identified  by  some  (Bain)  as  fault  breccias,  but  in  reality 
are  due  to  weathering. 

They  also  of  necessity  lie  along  the  horizon  of  what  is  now  a 
marked  unconformity,  giving  the  semblance  of  faults.  The  metals 
and  their  ores  are  believed  by  these  authors  to  have  been  derived 
from  the  overlying  Pennsylvanian  rocks,  through  the  agency  of  de- 
scending surface  waters. 

Central  Missouri  districty  containing  small  deposits  of  both  lead 
and  zinc.  In  this  area  the  ore  as  far  as  exploited  occurs  rather  in 
vertical  crevices  or  chimne3^  than  in  breccias. 

The  northern  Arkansas  district^  but  partly  developed,  has  many 
rich  ores,  occurring  as  bedded  deposits  (disseminations),  veins  (in 
faults  or  filling  breccias),  or  as  alterations  (1,  2). 

Upper  Mississippi  Valley.  —  This  area  embraces  southwestern 
Wisconsin  (48),  eastern  Iowa  (12,  13),  and  northwestern  Illinois 
(11),  but  the  first-named  state  contains  the  most  productive  terri- 
tory. The  section  in  the  Wisconsin  area  (48),  which  may  be 
taken  as  typical,  involves  the  following  formations,  beginning  at  the 
top:  — 

Fest 

Pleistocene                           Loess,  alluvium,  and  soil  7 

Silurian                                 Niagara  limestone  50 

Maquoketa  shale  160 

Galena  limestone  230 

Platteville  limestone  (Trenton)  55 

St.  Peter  sandstone  70 

Lower  Magnesian  limestone  200 

Cambrian                              Potsdam  sandstone  700 

Pre-Cambriao  Crystalline  rocks 

A  bituminous  shaly  layer,  known  as  the  oil  rocky  occurs  at  the  base 
of  the  Galena,  and  below  it,  or  at  the  top  of  the  Platteville,  is  a  fine- 
grained limestone  called  the  glass  rock.  While  the  series  as  a  whole 
shows  a  veiry  gentle  southwest  dip,  there  are  a  few  low  folds. 


Ordovician 
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Most  of  the  zinc  obtained  in  the  Rocky  Mountain  states  is  from 
complex  ores. 

Leadville  is  the  most  important  producer,  and  is  described  below 
leather  with  some  others  of  minor  importance. 

LeadviUe  Distil,  Colorado  (3-5).  —  This  region  lies  on  the 
western  »ide  of  the  Mosquito  Range  at  the 
headwaters  of  the  Arkansas  River  in  south- 
::;;"  central  Colorado,  while  the  town  of  Lead- 
.  ville  is  situated  on  the  western  spurs  of  the 
^  range  overlookiag  the  Arkansas  Valley.  The 
.  latter  is  bounded  by  the  Sawatch  Range  on 
IS   the  west. 

*  The  mines  which  have  made  Ijeadville 
f  famous  for  its  production  of  silver,  gold,  lead, 
^  zinc,  iron,  and  manganese  are  mostly  high 
^  up  on  the  ridge  and  from  2  to  3  miles  east 
S  of  the  town,  but  in  later  years  developments 
^  have  been  spreading  westward  towards  thfi 
S  valley.  The  district  was  formerly  placed 
=3  among  the  lead-silver  camps,  but  since  the 
«   rich  bodies  of  silver-bearing  lead  carbonate 

0  have  become  exhausted  a  large  tonnage  is 
S  obtained  from  the  lead-zinc  sulphide  ore 
"2  bodies  deeper  down,  and  for  that  reason  it 
■-i  is  placed  here,  although  it  is  not  to  be  under- 
°  stood  from  this  that  other  metals  are  not 
■s   produced  there  in  quantity. 

a  The  Sawatch  Range  is  an  oval  mass  of 

J  gneisses,  granites,  and  schists  on  whose  flanks 

7  rest  the  Cambrian  and  later  sediments,  dip- 

V  ping  away  from  the  range  on  all  sides. 

1  The  Mosquito  Range  (elevation  13,000  to 
^  14,000  feet)  is  composed  munly  of  Paleozoic 

rocks,  with  some  Mesozoic  deposits  on  its 
eastern  flanks,  while  between  these  beds  are 
sills  and  laccoliths  of  igneous  rocks,  whose  intruaons  occurred  be- 
fore the  uplift  of  this  region. 

This  uplift  was  formed  by  an  east-to-west  thrust  which  pushed 
the  beds  up  into  folds  agtunst  the  Sawatch  Range  and  later  faulted 
them  (Fig.  184). 

In  consequence,  therefore,  of  folding,  faulting,  igneous  intrusions. 


Pt^TB    XLIII 


lu.  i.  —  View  from  top  of  Carbonate  Hill.  Leadiille,  Col.,  looking  towards  Iron 
Hill.  The  valley  in  center  ground  marltB  posLtLon  ot  the  Iron  fault.  Shaft  house 
is  that  of  Tucaon  shaft,  and  ridge  in  distance  fault  scarp  of  Mosquito  Ranee. 
(H.  fties.  photo.) 


lo.  2,  —  View  from  south  end  of  Carbonate  Hill.  Lcadiillp,  Colo.,  overlooking 
California  Gulch  in  foreground,  and  town  of  LendvUle  in  the  valley.  Sawatcb 
Range  in  distance.     (H.  Rie»,  photo.) 
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and  detrital  material,  the  structural  geology  of  Leadville  affords  a 
somewhat  complex  problem. 

The  geological  section  best  shown  in  Carbonate  Hill  perhaps  is 
as  follows :  — 


Local  Namb 

AOB 

Rocks 

Thickivbss 

White  porphyry  . 

Pre-Cretaceous 

White       rhyolite 
porphyry 

800' 

Blue  limestone     . 

Lower  Carboniferous 

Blue-gray     dolo- 
mite 

200' 

Gray  porphyry     . 

Pre-Cretaoeous 

Gray    monzonite 
porphyry 

50' 

Parting  quartzite 
White  limestone 

Devonian 

Coarse  quartzite 

30' 

Silurian 

Drab        siliceous 

160' 

dolomite  lime- 

stone 

Lower  quartzite 

Cambrian 

Mostly         white 
quartzite 

160' 

Granite  .... 

Basement     complex 

Granite  and 

of    pre-Cambrian 

gneiss 

age 

The  fracturing  and  displacement  of  these  rocks  has  resulted  in  the 
formation  of  a  number  of  great  fault  blocks,  which  in  their  eroded 
form  stand  out  as  prominent  hills,  known  as  Breece,  Iron,  Carbonate, 
Fryer,  etc.  (Fig.  184). 

The  ore  bodies  occur  mainly  as  great  replacement  masses  in  the 
blue  and  white  limestones,  and  in  the  Devonian  quartzite;  but  in 
addition  there  have  been  discovered  fissures  and  cavities  in  the 
Cambrian  quartzite  which  carry  ore  that  has  evidently  been  depos- 
ited from  solution  and  not  by  replacement  (Fig.  185).  While  these 
fissures  are  known  to  be  connected  with  the  Silurian  limestone  ores, 
they  have  not  yet  been  traced  to  the  granite. 

Gold  ores  are  found  on  Breece  Hill  to  the  eastward,  but  these 
belong  to  a  different  type. 

The  original  ore  of  the  district  consisted  of  lead,  zinc,  iron,  and 
copper  sulphides  carrying  silver  and  gold,  the  proportions  of  the 
several  metals  varying  in  different  parts  of  the  district. 

For  some  years  the  oxidized  ore  bodies  of  cerussite  and  cerar- 
gyrite  in  a  matrix  of  iron  and  manganese  oxide  formed  the  main  stay 
of  the  camp,  but  the  practical  exhaustion  of  these  and  the  discovery 
of  the  large  sulphide  bodies  at  lower  levels  has  greatly  changed 
things.  The  camp  now  is  turning  out  a  large  tonnage  of  lead  and 
zinc  sulphides  which  may  carry  gold  and  silver,  manganese  ores 
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from  oxidized  deposits  on  Carbonate  Hill,  some  copper  sulphides, 
and  some  bismuth  ores. 

The  origin  of  these  ores  has  been  discussed  by  several  geolt^psts, 
Emmons  and  Blow  being  among  the  earlier  ones. 

Emmons,  in  his  classic  monc^aph  on  this  district  (4),  expressed  the 
following  views  r^arding  the  origin  of  the  ore  deposits :  (1)  that 
they  have  been  derived  from  aqueous  solution ;  (2)  that  this  solu- 


tion came  from  above;  (3)  that  the  ores  derived  their  metallic 
contents  from  the  neighboring  eruptive  rock.  He  further  adds  that 
these  statements  are  not  intended  to  deny  the  possibility  that  the 
metals  may  have  originally  come  from  depth,  nor  to  maintain  that 
they  were  necessarily  derived  entirely  from  eruptive  rocks  at  present 
inimmediatecontact  with  the  deposit.  (4)  The  ores  were  deposited 
by  replacement  of  the  country  rock.  {5}  They  are  of  later  age  than 
the  porphyry  sheets,  but  were  introduced  before  the  faulting  of  the 
reipon  occurred. 
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These  views  are  not  agreed  to  entirely  by  all  persons  familiar  . 
with  the  district,  Mid  there  is  a  tendency  among  many  engineers 
who  have  a  more  or  lees  intimate  knowledge  of  the  region  to  feel  that 


the  ores  may  have  been  broutcht  in  by  solutions  ascending  directly 
from  the  granite,  a  theory  which  they  regard  as  being  strengthened 
by  the  finding  of  fissure  oree  in  the  Cambrian  quartzite  (Figs.  185, 
187). 
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We  must  remember,  of  course,  that  since  E^mmons'  work  was 
done  the  district  has  been  greatly  and  more  deeply  developed,  thus 
afEording  opportunity  for  more  extended  investigation. 

The  following  classifloation  of  the  Leadville  output  for  1908 '  will  give 
Bome  idea  of  the  relative  importaaee  of  the  difTerent  kindB  of  ores:  — 

Classification  oi'  Leadville  Ores 


QCANTITT 

P.^,^... 

[  Gold-silver 

1      Total  Bilieeous 

Zinc-iron-lead  {zinc  blende- 
pyrite,  with  a  Uttle  galena) 

Iron  pyrite,  with  a  little  cop- 
per, gold,  silver,  and  lead) 
Total  sulphide 

[Lead 

\  Iron-m&nganese  <ailv6r) 

Total  oxide 

Grand  total 

a«rtTon. 

25.741 

6 

25,741 

6 

Sulphide 

95.306 
151,284 

23 
37 

246.590 

60 

Oxide 

24.616 
111,764 

fi 
28 

136.380 

34 

408,711 

100 

The  chief  Rulphide  n 


i  lead,  and  the  bulk  of  this 


a  pyrite.  carrying  a  little  copper,  gold,  silver. 


—  Cavities   in   Cambrian   quartiit*, 
I     shaft.     Leadville,     Col.       (After 


cent  of  all  the  tonnage  of  ore  was  set 
Even  in  former  years  Leadville  v 


smelted  directly.  The  higher 
grade  zinc  sulphide  ore  was 
shipped  to  ziuo  smelters  without 
concentration,  but  most  of  the 
zinc  sulphide  was  separated 
magnetically  or  concentrated  at 
Leadville,  Canyon  City,  or  Den- 
ver. The  iron-oxide  ore  carried 
about  10  per  cent  manganese 
and  a  low  per  cent  of  lead. 
That  portion  of  the  sulphide  ore 
which  was  milled  averaged  32 
cents  gold,  1,9  fine  ounces  silver, 
2.8  per  cent  lead,  13.34  per  cent 
zinc.  The  average  assay  of  the 
concentrate  showed  62  cents 
gold ;  3.74  fine  ounces  silver, 
5.5  per  cent  lead ;  and  26.10 
ptercent  zinc.     Seventy-nine  per 

direct  to  the  smelter. 

B  a  mining  camp  of  great  impor- 


'  U.  S.  Geol.  Surv..  Min.  Res..  1908. 
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tanoe,  having  indeed  given  Colorado  its  first  serious  start  as  a  mining  state. 
FVom  an  area  of  about  a  square  nule  the  output  of  silver  was  for  a  num- 
ber of  years  greater  than  that  of  any  foreign  country  except  Mexico,  and 
during  the  same  period  the  production  of  lead  was  nearly  equal  to  that  of 
England  and  greater  than  that  of  any  European  country  excepting  Spain 
and  Germany.  Although  regarded  originally  as  a  silver  camp,  it  really 
ceased  being  such  nearly  fifteen  years  ago,  and  is  now  an  important  producer 
of  at  least  eight  metals,  of  which  five  or  six  are  sometimes  all  obtained 
from  the  same  group  of  properties.  It  will  thus  be  seen  that  the  success- 
ful marketing  of  one  may  affect  all  the  others.  Leadville  began  as  a  gold 
camp  in  1860,  when  a  placer  deposit  of  gold  was  found  in  a  gulch  near 
there  and  several  million  dollars'  worth  of  metal  were  extracted,  resulting 
in  the  establishment  of  a  flourishing  town  called  Oro,  which,  however, 
soon  lost  its  importance  when  the  gold  began  to  be  exhausted..  Not  until 
1875  was  the  carbonate  of  lead,  which  has  since  been  so  important,  actually 
recognized. 

Other  Western  Occurrences  (32,  42,  43).  —  Both  zinc  and  lead  are 
supplied  by  the  mines  at  Creede,  Colorado,  where  the  ore  is  found 
in  fissure  veins  carrying  galena  and  blende  in  a  quartz  gangue. 

The  deposits  in  the  Magdalena  Mountains,  New  Mexico,  have 
been  important  producers  of  lead  ores,  and  are  now  an  even  more 
important  source  of  supply  of  zinc  ore.  These  deposits  which  are 
of  contact-metamorphic  origin  occur  in  limestones  near  their 
boundary  with  granite  porphyry. 

Another  producer  of  some  importance  is  the  Horn  Silver  mine  at 
Frisco,  Utah.  The  ore  here  occurs  in  a  contact  vein  between  rhyo- 
lite  and  limestone.  The  oxidized  ore  is  chiefly  anglesite  (argentif- 
erous) and  barite,  but  below  it  passes  into  lead-zinc  sulphides,  and 
the  mine  is  now  an  important  producer  of  zinc. 

Additional  occurrences  are  referred  to  under  Lead-Silver. 

Uses  of  Lead  and  Zinc.  —  Both  of  these  are  important  base  metals; 
although  in  value  of  production  they  rank  below  gold,  silver,  copper, 
and  iron,  neither  do  they  come  into  competition  with  these,  for 
they  lack  the  high  tenacity  of  iron  and  steel,  the  conductivity  o: 
copper,  and  the  value  resulting  from  scarcity  possessed  by  gold  ani 
silver.  They  are  of  value,  however,  on  account  of  their  high  mallea- 
bility and  the  application  of  their  compounds  for  pigments. 

Uses  of  Lead,  —  Lead  finds  numerous  uses  in  the  arts,  the  most 
important  being  for  white  lead.  Litharge,  the  oxide  of  lead,  is  used 
not  only  for  paint,  but  also  somewhat  in  the  manufacture  of  glass, 
although  red  lead  is  more  frequently  employed  instead. 

A  further  use  of  lead  is  for  making  pipe  for  water  supply,  sheet 
lead  for  acid  chambers,  and  shot. 
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Fio.  188.  —  Chart  showing  production  of  refined  lead  and 
spelter  in  the  United  States  from  1875  to  1909.  {U,  8, 
Geol,  Sun.) 


Among  the  al- 
loys formed  by  lead 
are  type  metal 
(lead,  antimony, 
and  bismuth,  with 
copper,  or  iron), 
white  metal,  or- 
gan pipe  composi- 
tion, and  fusible 
alloys  used  in 
electric  lighting. 

In  addition  to 
these,  the  acetate, 
carbonate,  and 
other  compounds 
are  used  in  medi- 
cine. In  smelt- 
ing, lead  is  used 
to  collect  the  gold 
and  silver,  and 
the  bulk  of  the 
lead  of  commerce 
is  obtained  as  a 
by-product  in  the 
smelting  of  the 
precious  metals. 

Uses   of  Zinc. 

Metallic  zinc 
is  used  for  a  vari- 
ety of   purposes, 

Jy  owing  to 
itfi  slight  altera- 
tipn  in  air,  and 
secondly,  because 
if  can  be  rolled 
Lto  thin  sheets, 
[n  this  condition 
It  is  used  exten- 
dvely  for  roofing 
[and     also     for 
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plumbing,  and  as  a  coating  to  iron  this  metal  is  extensively  called 
for  in  galvanizing.    It  is  also  used  for  cyaniding  gold. 

One  of  the  most  important  applications  is  for  making  brass,  which 
is  ordinarily  composed  of  from  66  to  83  parts  of  copper  and  27  to 
34  parts  of  zinc.  The  composition  varies,  entirely  depending  on  the 
use  to  which  it  is  to  be  put,  and,  with  the  variation  in  proportion, 
the  color  becomes  more  golden,  or  whiter,  according  as  the  percent- 
age of  copper  is  increased  or  decreased.  With  an  increase  in  the 
amount  of  zinc,  the  alloy  becomes  more  fusible,  harder,  and  more 
brittle. 

White  metal  is  an  alloy  of  zinc  and  copper  in  which  zinc  pre- 
dominates, and  which  is  often  employed  for  making  buttons. 
Imitation  gold  is  also  made  by  alloying  zinc  with  a  predominance 
of  copper,  varying  from  77  to  85  per  cent  of  the  mass,  and  this  is 
in  common  use  as  ''  gold  foil  "  for  gilding.  Zinc  is  also  made  use  of 
in  the  construction  of  electric  batteries. 

German  silver  has  60  parts  copper,  20  zinc,  and  20  nickel.  Its 
use  is  for  mathematical  and  scientific  instrmnents. 

Zinc  is  used  wholly  or  in  part  as  the  base  of  four  pigments,  viz. 
zinc  oxide,  leaded  zinc  oxide,  zinc-lead  oxide,  and  lithophone.  All 
of  these  can  be  made  directly  from  the  ore,  and  the  first  three  usually 
are.  Zinc  oxide  is  the  most  important  of  the  four.  Lithophone  is 
an  intimate  mixture  by  chemical  precipitation  of  zinc  sulphide  and 
barium  sulphate. 

Production  of  Lead  and  Zinc.  —  The  production  of  refined  lead 
and  spelter  in  the  United  States  from  1875  to  1909  are  given  in  the 
chart,  Fig.  188.  Other  statistics  of  production  are  given  in  the 
tables  on  the  following  page. 

The  imports  of  manufactured,  block,  and  pig  zinc  amounted  to 
$90,389  worth  in  1908  as  against  $244,730  in  1907.  The  total 
amount  of  zinc  ore  imported  in  the  year  1908  was  53,757  short  tons, 
as  against  103,1 17  in  1907.  The  total  value  of  the  exports  of  ore  and 
manufactured  zinc  in  1908  were  valued  at  $1,683,887.  The  imports 
of  zinc  oxide  in  1908  amounted  to  2,423  short  tons,  while  the  exports 
in  that  same  year  were  valued  at  $845,070. 

The  total  amount  of  lead  imported  in  1908  was  264,978  pounds, 
while  the  exports  amounted  to  777,350  pounds  for  the  same  period. 
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Production  of  Primary  Spelter  in  the  United  States  in  1906-1908, 

APPORTIONED  ACCORDING  TO  SoURCE  OF  OrE,  IN  ShORT  ToNS 


1906 

1907 

1908 

Source 

Pbrcent- 

Pekcbnt- 

Percent- 

QUANTITT 

AQE    OF 

Total 

QUANTFTT 

AOE   OF 

Total 

Quantity 

age  OF 
Total 

Arisona 

64 

0.032 

77 

0.03 

152 

0.08 

Arkansas 

1.801 

.90 

1.911 

.85 

2,002 

1.05 

California 

— 

— 

140 

.06 

27 

.01 

Colorado 

32,456 

16.25 

26.077 

11.66 

24,885 

13.06 

Idaho       .     . 

573 

.29 

3.508 

1.57 

581 

.30 

Illinois     .     . 

282 

.14 

1.446 

.66 

298 

.16 

Iowa    .     . 

201 

.10 

220 

.10 

516 

.27 

Kansas 

3.902 

1.96 

13,850 

6.19 

8,628 

4.52 

Kentucky 

335 

.17 

358 

.16 

341 

.18 

Maine 

— 

— 

1 

.0004 

— 

— 

Missouri 

130,348 

65.27 

141.824 

03.39 

123,655 

64.83 

Montana 

1,415 

.71 

— 

— 

900 

.47 

Nevada    . 

1,768 

.88 

1,692 

.76 

398 

.21 

New  Jersey 

11,206 

5.61 

13,573 

6.07 

6,926 

3.63 

New  Mexico 

555 

.28 

136 

.06 

134 

.07 

Oklahoma 

— 

— 

719 

.32 

2.235 

1.17 

Tennessee 

124 

.06 

181 

.08 

341 

.18 

Texas 

p 

8 

.004 

16 

.0007 

— 

— 

Utah   .     . 

> 

2.449 

1.23 

1.972 

.88 

282 

.15 

Virginia   . 

1.143 

.57 

771 

.34 

910 

.48 

Washington 

7 

.004 

— 

— 

— 

— 

Wisconsin     .     . 

■         •         • 

11,057 

6.54 

15,273 

6.83 

17.538 

9.10 

Total    from    domestic 

, 

ores       

199.604 

100.00 

223,745 

100.00 

190,749 

100.00 

Foreign : 

British  Columbia    .     . 

201 

.80 

545 

2.09 

2.425 

12.33 

Mexioo 

24,875 

99.20 

25,570 

97.91 

17.250 

87.67 

Total    from   foreign 

ores 

25,076 

100.00 

26,115 

100.00 

19,676 

100.00 

Grand  1 

"ot 

Ed 

•         ■ 

244,770 

— 

249.860 

— 

210.424 

Production  of  Spelter  in  the  United  States,  1904-1908,  apportioned 

ACCORDING   to    LOCALITY    IN    WHICH    SMELTED,    IN    ShORT   ToNS 


1904 

1905 

1906 

1907 

1908 

Illinois  ' 

Kansas 

Missouri 

Oklahoma 

Other  States » 

Total 

47,740 

107.048 

12,160 

19,764 
186.702 

46,606 

114.287 

11,844 

31.112 
203,849 

47.939 

129.564 

11,077 

36,190 
224,770 

66,056 
134,108 

11.732 
5.035 

42.929 
249,860 

60,244 
99,208 
10.201 
14,864 
35,817 
210.424 

^  Includes  New  Jersey,  Pennsylvania,  Virginia,  West  Virginia,  and  Colorado. 
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Lead  Content  of  Ores  smelted  by  the  Works  in  the  United  States, 

1903  TO  1905,  BY  States,  in  Short  Tons 


Statb  OB  Tebbitobt 


Colorado 

Idaho      

Utah       

Montana      .     .     .     , 

New  Mexioo 

Nevada  

Arisona        

California 

Washington 

Ore.,  Alas.,  S.  Dak.,  Tex 

Mo.,  Kaa.,  Wis.,  lU..  la.,  Va.,  Ky 

Total  lead  content  American  orea  smelted 

Content  Mexican  ores 

Content  Canadian  ores 

Content  miscellaneous  or  unknown      .     .     . 


1903 


45,554 

99,590 

51.129 

3,303 

613 

2.237 

1.493 

55 

538 

1,765 

86,597 

292.874 

56,890 

253 

2,831 


1904 


51,884 

108,854 

56,470 

3.635 

1,363 

1.873 

1.499 

163 

622 

41 

92.275 

318.679 

24,952 

11 

1,113 


1905 


56.638 

99.027 

44.996 

2.207 

1.232 

2.206 

2.091 

116 

56 

101 

104.058 

312.728 


Sources  of  Primary  Lead  smelted  or  refined  in  the  United  States, 

1906-1908,  in  Short  Tons 


1906 

1907 

1908 

SoxTBCX  or  Obm 

Pbbcbnt- 

Percent- 

Pbbcbnt- 

QUAMTITT 

▲GE  or 
Total 

age  OF 
Total 

Quantity 

AGE   OF 

Total 

Domestic  ore : 

Alaska 

8 

0.002 

— 

— 

3 

0.001 

Arisona 

2.884 

.83 

2.340 

0.64 

1.404 

.47 

Arkansas  . 

*    ^ 

— 

15 

.004 

— 

California 

432 

.12 

854 

.23 

515 

.17 

Colorado 

50.497 

14.51 

48.876 

13.43 

28,728 

9.28 

Georgia     .     . 

— 

— 

2 

.0005 

— 

Idaho  .     . 

117,117 

33.65 

112.569 

30.94 

98.464 

31.82 

Illinois      .     . 

572 

.16 

498 

.14 

363 

.12 

Iowa     .     .     . 

270 

.08 

225 

.06 

110 

.03 

Kansas 

1.932 

.66 

1,798 

.49 

2.293 

.74 

Kentucky 

44 

.01 

75 

.02 

— — 

Missouri    .     . 

111.075 

31.91 

122.856 

33.77 

122.451 

39.57 

Montana 

2.485 

.71 

2.035 

.56 

2.320 

.75 

Nevada     .     . 

1,669 

.48 

3.380 

.93 

3.796 

1.23 

New  Mexioo 

640 

.18 

1.927 

.53 

586 

.19 

Oklahoma 

— 

— 

,404 

.11 

1,409 

.45 

Oregon      .     . 

— 

— 

__ 

7 

.002 

South  Dakoti 

k    .     .     . 

— 

— 

_^ 

^__ 

13 

.003 

Tennessee 

11 

.003 

16 

.004 

Texas  .     .     . 

25 

.011 

10 

.002 

42 

.01 

UUh     .     .     . 

56,260 

16.16 

61.699 

16.96 

42.455 

13.72 

Virginia    .     . 

— 

— 

82 

.02 

13 

.004 

Washington        .     .     . 

46 

.015 

281 

.08 

391 

.13 

Wisconsin      .... 

1.753 

.50 

3.551 

.98 

4.013 

1.30 

Undistributed    .     .     . 

380 

.109 

355 

.10 

36 

.01 

Zinc  residues      .     .     . 

2.053 

— 

1.318 

1.290 

Total  from  domestic 

ore 

350.153 

100 

365.166 

100 

310.762 

100 

Forei^  ore : 

Africa        

— 

... 

323 

^__ 

_^_. 

British  Columbia    .     . 

7.238 

_^ 

5.793 

, 

341 

^^^ 

Central  America     .     . 

112 

^_ 

12 

--    - 

China        

18 

-^ 

.^.. 

__ 

4 

Mexico 

21.435 

_ 

36.749 

.»^ 

38.729 

-    - 

South  America  .     .     . 

— 

— . 

911 

—i^ 

1.186 

-   — 

Other  foreign     .     .     . 
Pbreign  base  bullion  : 

— 

>_ 

149 



„ 

Mexico 

39.743 

— 

32.924 

.^.a 

57.489 

Total   from    foreign 

ore  and  base  bul- 

lion     

68,546 

— 

76.849 

^_ 

97.761 

1      , 

Grand     total,      derived 

from  all  sources      .     . 

418.699 

— 

442,015 



408,523 
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The  World's  Production  of  Spelter,  1907-1908,  in  Short  Tons 


COUNTBT 


Australia 

Austria  and  Italy 

Belgium 

France  and  Spain '  .     .     .     . 

Germany : 

Rhine  district 

Silesia 

Great  Britain        

Holland        

Poland 

United  States       

Total 

United   States   percentage   of   world's  pro- 
duction      


1.008 

12.522 

170,307 

61.438 

77,459 
152.611 
61.286 
16,526 
10.735 
249.860 


813.842 
30.7 


1008 


1.198 

14.063 

181,851 

61,512 

80.670 

158.328 

60,029 

19.017 

9,740 

210.424 


796.832 
26.4 


The  World's  Production  or  Lead,  1907-1908,  in  Short  Tons 


Country 


Australia 

Austria-Hungary 

Belgium 

Canada        

France 

Germany 

Great  Britain        

Greece 

Italy        

Japan      

Mexico 

Russia 

Spain 

Sweden 

Turkey  in  Asia 

Other  countries 

United  States       

Total 

United  States  percentage  of  world's  produc- 
tion      


106.923 

16,975 

28,417 

23,778 

25,353 

167,166 

30.203 

15.212 

25.243 

3,358 

79.366 

110 

204.848 

772 

11,464 

220 

365.166 


1,095.064 
33.3 


1908 


131,376 

16,118 

33,231 

23.846 

27,600 

181,167 

33,120 

17.664 

28,704 

3,312 

121,440 

110 

202,253 

883 

13,027 

552 

310,762 


1,145.165 
27.1 
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CHAPTER  XVIU 


SILVER-LEAD   ORES 

The  silver-lead  ores  form  a  large  class,  which  are  widely  distrib- 
uted in  the  Cordilleran  region,  and  not  only  supply  most  of  the 
lead  mined  in  the  United  States,  but  in  addition  may  also,  and  often 
do,  carry  variable  quantities  of  silver,  gold,  and  copper. 

The  deposits  as  a  whole  present  a  variety  of  forms.  The  associated 
rocks  are  often  faulted,  and  the  ore  bodies  are  commonly  oxidized 
above,  so  that  the  altered  portions  require  different  metallurgical 
treatment  from  the  sulphide  ores  found  below.  Secondary  enrich- 
ment has  in  some  cases  raised  the  grade  of  the  ore.  Deposits  of  this 
class  are  prominent  in  Colorado,  Idaho,  and  Utah,  but  are  also 
known  in  New  Mexico,  Montana,  Wyoming,  Nevada,  Arizona,  Cali- 
fornia, and  South  Dakota.  Idaho  is  the  largest  producer  of  silver- 
lead  ores,  but  they  average  only  one  third  silver,  while  those  of 
Colorado  average  three  quarters  silver,  and  those  of  Utah  about 
two  thirds  silver. 
A  few  of  the  more 
prominent  occur- 
rences are  men- 
tioned, 

Camr  d'Alene, 
Idaho  (14).— The 
Coeur  d'AIene  dis- 
trict (which  is 
really  made  up  of 
several  local  min- 
ing districts)  lies 

Fia.  189.  —  Map  Bhowing  location  of  C<Eur  d'AIene.  Ido..     in       Shoshone 
disWict.     (After  SaTuomc,  V.  S.  Qeot.  Sun.,  Frof.  Pap.      County,  mostly  On 

the  western  slope 
of  the  CcBUr  d'AIene  Mountains.  Wallace  is  the  principal  town, 
but  there  are  several  smaller  ones,  as  Wardner,  MuUan,  Burke, 
Mace,  Gem,  and  Murray. 

The  prevailing  rocks  here  are  a  thick  (10,000  ft.),  apparently 


PIJ.TB   XLIV 


Vii'w  lookiiiR  north  over  the  ("■i-iir  tl'Alciic  Mountains  from  the  Stem- 
T  tunnel  aboi'e  Wiirdiicr.  Bliowa  miilure  ilisaucliqn  of  plateau-like  uplift. 
of  Warilner  in  foroground.      i-ifter  Rausomc,  V.  S.  Geol.  Sure,  Prof.  Pap. 
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conformable  series  of  shales,  sandstones,  and  some  limestones  of 
Algonkian  age,  which  on  the  west  are  faulted  down  against  granitic 
and  gneissic  rocks,  but  extend  some  distance  to  the  eastward. 
The  condeDsed  section  is  as  follows :  — 

Fbbt 

Striped  Peak  sbalee  aad  BandstoneB 1,000+ 

WaJlaoe  Bandstones,  shales  and  limestonea     ....  4,000 

St.  R^H  shaleB,  and  sandstones 1,000+ 

R«vett  white  quartzite 1,200 

Burke  shales  and  sandstoaes 2.000 

Prichard  sbalee  and  sandstones 8.000 


The  igneous  rocks  include  some  small  intruMve  stocks  of  mon- 
zonite,  and  a  few  dikes  of  diabase  and  lamprophyre-like  rocks,  but 
the  age  of  all  is  uncertain. 


a    El    E    □    m 
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The  rocks  show  a  series  of  complex,  sometimes  overturned,  fokia 
as  well  as  extenave  faults,  and  slaty  cleavage  has  been  developed  in 
all  except  the  quartzite. 
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The  lai^est  ore  bodies,  although  wonderfully  per^stent,  are  likely 
to  become  poor  at  depths  ranging  from  1000  to  2000  feet.  Three 
types  of  ore  bodies  are  recognized,  and  of  these,  which  are  described 
b^ow,  the  first  is  the  most  important. 

1.  Lead-silver  deposits,  consisting  essentially  of  metasomatic 
fissure  veins,  formed  in  greater  part  by  replacement  of  siliceoua 
sedimentary  rocks,  along  zones  of  fissuring,  and  carrying  mainly 
galena  and  siderite.  The  galena  may  first  replace  the  quartzite,  or 
siderite  may  replace  quartzite  first  and  then  be  replaced  by  galena. 

Pyrite  and  sphalerite  are  always  present,  and  tetrahedrite,  if 
found,  indicates  high  silver  values,  but  ehalcopyrite  is  rare.  Oxi- 
dized ores  occur  above. 

The   lead-silver   veins,  whieh  lie  mainly  in  that  portion  drained  hy 
the  south  forks  of  the  Craur  d'Alene  River   and  ita    tributaries,  occur 
mostly  in  the  Burke  form&tion,  while 
a  few  are  found  in  the  Revett,  Wal- 
lace, St.  Regis,  and  Prichard. 

The  average  contents  of  ore  in  silver 
is  a  little  over  half  an  ounce  to  each 
per  cent  of  lead  per  ton.     In  1903-1904 
the  Bunker  Hill  and  Sullivan  averaged 
8.8  per  cent  of  lead  and  3.9  ounoea  sil- 
ver, while  first-daaa  ooncentratea  from 
the  same  mine  averaged  55  per  oent 
Fio.191,  — Seotionoflfiad-savervpin.     lead  and  19.5   oimoes  silver.     An  ore 
CoBUT  d'Alene,  Ido.     (I)  Couoiry    of  4.5   per   oent   lead   and  2.7   ounces 
rock.    (2)  Sheared  irwk.     (3)  On-    silver  is   unprofitable   to   work.       The 
ienaand  siderite,    (4)  Fissure  with    bulk  of  the  ore  ranges   from  3  to  14 
fine-grained  galena.      (5)  Barren,     ^^   ^^^   j^^   ^j    2.5    to  6   Ounces 
n^icified     oouDto-    rack.     (Afl^     ^^^  ^^^      j^^^^  ^j  ^^^^  ^^  ^  ^j^^ 

Fxnlay  Amw.   Inst.   Um.  En^a.,      ....  1  .  i     ,.  j  i      en        en 

XXXIII 1  distnot  IS  concentrated  to  50  or  60  per 

cent  lead. 

The  rich  ores  and  concentrates  may  be  sent  to  Tacoma ;  San  Fran<nBoo ; 
Salida,  Colorado;   Helena,  Montana;  etc. 

In  the  mines,  the  galena  is  shown  to  have  a  vertical  range  of  at  leaet 
2600  feet. 

2.  Gold  deposits,  including  bed  veins,  fiaaure  veins,  and  plaoers  formed 
in  at  least  two  perioda. 

The  productive  gold-quartz  veins  occur  near  Murray  and  are  bed 
veins,  following  stratification  planes  of  the  Prichard  formation.  They 
are  usually  a  foot  or  two  in  width  and  cany  quartz,  gold,  pyrite,  galena, 
sphalerite,  and  ehalcopyrite,  with  occasional  bunches  of  scheelite.  The 
average  value  of  the  ore  probably  does  not  exceed  over  S7  per  ton. 

3.  Copper  deposits,  consisting  either  of  impr^natione  along  certain 
quartzitic  beds  or  metasomatio  fissure  veins.  Only  the  former  type  is  of 
commercial  importance,  and  at    the  Snowstorm  mine  it  forma  au  im- 
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pregn^ted  zone  with  a  maximum  width  of  40  feet.  The.  ore  is  ohaloo- 
pyrite,  bomite,  chaloocite,  etc.,  and  the  greater  part  runs  4  per  cent 
copper,  6  ounces  silver,  and  .1  ounce  gold.  The  ore  as  8hipi)ed  is  worth 
$9  to  $10  per  ton. 

Origin  of  lead-silver  ores,  —  It  is  believed  that  the  association  of 
the  ore  with  fissures  and  the  absence  of  irregular  deposits  indicate 
that  it  has  been  deposited  by  ascending  solutions,  moreover  the 
mineralogical  composition  of  the  ore  suggests  its  precipitation  from 
hot  solutions  under  high  pressure. 

These  solutions  are  thought  to  have  been  given  off  by  the  mon- 
zonite  in  vaporous  form,  producing  contact  metamorphism  and 
depositing  ores  rich  in  sphalerite  and  pyrrhotite  associated  with 
garnet  and  biotite,  found  in  some  parts  of  the  district. 

Farther  away  from  the  intrusive  the  lead-silver  ores  »were  depos- 
ited. It  is  probable  that  the  solutions  entered  the  stratified  rocks 
carrying  ferrous  carbonate  and  lead  sulphide,  and  not  only  filled  the 
open  spaces  but  replaced  the  quartzite. 

The  first  prospecting  occurred  in  this  district  about  1878,  and  subse- 
quent discoveries  in  1879  started  a  rush  to  this  region,  but  this  centered 
round  the  placers,  which  commanded  the  most  attention  even  up  to  1885 ; 
but  in  the  following  year  the  miners  awoke  to  an  appreciation  of  the  lead- 
silver  deposits,  and  the  building  of  a  railroad  into  the  district  in  1887  gave 
a  great  impetus  to  the  lode-mining  industry.  Since  then  the  Coeur  d*Alene 
has  been  an  important  producer,  in  spite  of  severe  though  temporary  set- 
backs due  to  labor  troubles  in  1892  and  1899. 

Asperiy  Colorado  (15,  10).  —  The  ores  are  oxidized  and  occur  in 
highly  folded  and  faulted  Carboniferous  limestone,  although  the 
section  involves  rocks  ranging  in  age  from  Archsean  to  Mesozoic. 
Two  quartz  porphyries,  one  at  the  base  of  the  Devonian,  the  other 
in  the  Carboniferous,  are  present,  but  bear  no  special  relation  to  the 
ore. 

At  the  close  of  the  Cretaceous  the  rocks  were  folded  into  a  great 
anticline,  with  a  syncline  on  its  eastern  limit,  which  passed  into  a 
great  fault  along  Castle  Creek  west  of  the  mines.  Contemporaneous 
with  the  folding  there  were  also  produced  two  faults  parallel  to  the 
bedding  of  the  Carboniferous  dolomite,  while  at  the  same  time  much 
cross  faulting  occurred.  The  ore  is  found  chiefly  at  the  intersection 
of  these  two  sets  of  fault  planes,  and  Spurr  believes  that  the  ores 
were  deposited  by  magmatic  waters  ascending  vertically  along 
faults,  and  were  precipitated  by  a  reaction  between  the  solutions 
and  certain  wall  rocks,  chiefly  shale.    Mingling  of  solutions  at 
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the  intersection  of  fissures  also  played  an  important  rdle  in  the 
formation  of  the  ore.  This  stronger  deposition  of  the  ore  at  the 
intersection  of  fault  planes  was  thought  by  Weed  to  be  due  to 
secondary  enrichment,  but  Spun  finds  little  evidence  of  secondary 
sulphide  formation. 

On  account  of  the  intimate  association  of  the  dolomite,  quartz,  and 
barite  with  the  ore  their  origin  is  considered  as  similar. 

The  ores  are  peculiarly 
free  from  other  metals  except 
lead,  and  the  rich polybasite 
(A&S1)S«)  ores  of  Smuggler 
Mountain  do  not  contain 
even  this. 

The  mining  camp  of  Aspen 
started  in  1879,  but  its  de- 
velopment for  a  time  was 
much  retarded  by  lawsuits. 
The  richer  ore  bodies  were 
not  discovered  until  1884, 
and  then  by  undet^p^)und 
exploration,  for  owing  to  the 
heavy  mantle  of  glacial  grav- 
els their  outcrops  were  hid- 
den. Since  also  the  ore 
carries  no  iron  or  mai^anese, 
as  do  the  Leadville  ores,  its 
outcrop  may  be  inconspic- 

UOUB. 

^««ULi»FT  ^««iNQ9u«mr«  rj^^  raOroadB  did  Dot  reach 

ESwEwnFonuTioH  ^3  njL£  FDRNATioH  the  ofttap  uDtll   1887,   SO  that 

^^om  ^E  «i.*roH  fOiiiiATioii  during  the  first  few  years  of  ita 

~r-  . ,  history  the  ore  had  to  be  earned 

l^omBn  roRMimr  In  both  AspeQ  and  Smuggler 

Fio.  192.  —  Section  or  ore  body  at  AapeD,  Col.  Mountains  long  tunnels  have 
(.After  Spurr,  V.  S.  Oeol.  Sun.,  Hon.  XXXI.)  been  run  for  drainage  and  haul- 
ing purposes.  The  Cowenhoven 
tunnel,  which  is  the  largest  of  these,  is  over  8300  feet  long,  and  taps  a 
number  of  mines.  Aspen  was  one  of  the  first  mining  camps  in  the  West 
to  install  electric  machinery  for  hoistii^,  haulage,  etc.,  and  the  current 
was  cheaply  supplied  by  the  neighboring  water  power.  One  shaft  1000 
feet  deep  is  operated  electrically. 

At  the  present  day  the  larger  ore  bodies  are  worked  out,  but  the  camp 
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From  1881  to  1895  it  produced  $63,653,989 

Rico,  Ddores  County,  Colorado  (3,  12,  13). — In  this  region  the 
mountains,  which  are  the  remtuns  of  the  structural  dome  rising 
above  the  Dolores  plateau  lying  in  the  San  Juan  region,  contun  a 
series  of  sedimentary  beds  ranging  from  Algonkian  to  Juraa^c  in  age, 
which  have  been  uplifted  partly 
by  the  intrusion  of  igneous  rocks, 
&s  stocks,  sills,  and  dikes,  and 
partly  by  upthrows  due  to  fault- 
ing. 

The  ore  occurs  as  lodes,  re- 
placements in  limestones,  stocks, 
and  blankets,  the  last  consist- 
ing usually  of  deposits  lying 
parallel  to  the  planes  of  bedding 
or  to  the  sheet-s  of  igneous  rock, 
and  known  locally  as  "  con- 
tacts," although  not  such  in  the 
true  sense. 

The  four  types  of  deposit  men- 
tioned may  pass  into  each  other. 
Most  of  the  ore  in  the  district 
has,    however,    come    from    the    Pia.  I93.  —  Diagrammatic  BectioD  across 
blankets,   and  the  bulk  of  this  a  norUiMisterly  lode  at  Rico.  Col.,  show- 

has  been  foiind  in  the  Carbon-        'fK^}^"'^^^''-  Z 
iferous,   especially  in  the  Her- 
mosa  formation,  a  striking  feature  of  the  deposits  being  their  limited 
vertical  range. 

The  ores  are  primarily  galena,  often  highly  argentiferous  and 
associated  with  rich  silver-bearing  minerals.  In  many  deposits 
the  more  or  leas  complete  oxidation  of  the  silver  ores  has  resulted 
in  powdery  masses,  often  very  rich  in  silver.  Below  the  zone  of 
oxidation,  the  veins  have  not  been  successfully  worked. 

The  bulk  of  the  ores  can  be  roughly  divided  into  pyritic  ores, 
usually  low  grade,  and  silver-bearing  galena  ores,  sometimes  con- 
tmning  rich  silver  minerals.  Quartz  is  the  commonest  gangue  min- 
eral, but  the  beautiful  pink  rhodochrosite  is  also  conspicuous. 

The  ore  deposition  is  believed  to  be  'closely  associated  mth  the 
igneous  intrusions  of  the  district,  especially  with  the  later  ones. 
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Most  of  the  ore  produced  in  the  Rico  district  has  been  shipped 
crude  or  smelted  in  Rico  without  mechanical  concentration. 

OtJier  Colorado  Occurrences. — Ai^ntiferous  lead  ores  also  occur 
in  the  Ten  Mile  district  (6),  in  Chaffee  County,  and  along  the 
Eagle  River  (11).     They  are  also  known  in  Red  Mountain. 

Park  City,  Utah  (l),  which  is  located  on  the  eastern  slope  of  the 
Wasatch  Range,  about  25  miles  southeast  of  Salt  Lake  City  (Fig, 
201),  has  made  Summit  County 
famous  as  one  of  the  important 
mining  centers  of  this  country,  as 
there  are  here  large  bodies  of  rich 
silver-lead  ores  carrying  minor 
values  of  gold  and  copper.  The 
success  of  this  camp,  therefore,  de- 
pends more  or  less  on  the  condi- 
tion of  the  silver  and  copper 
industry. 

The  geological  section  involves 
a  series  of  limestones,  sandstones, 
and  shales,  chiefly  of  Carbonifer- 
ous age,  and  having  an  aggregate 
thickness  of  over  6000  feet,  with 
a  general  dip  of  30  to  40  degrees 
northwest,  and  traversed  by  many 
c=3a-  fissures,  faults,  and  intrusions,  the 

—         =v-      •—  last  being  of  either  dioritic  or 

FiQ.  194.  —  Vein  Biiing  a  fault  fisaure,  porphyritic  types.  The  ores, 
Enterprise  miue.  Rico,  Col.  (.After  wbich  in  the  oxidized  zone  are 
Tram  XXVI.)  ccnissite,  anglesite,  azunte,  mala- 

chite, etc.,  and  in  the  sulphide 
zone  are  galena,  tetrahedrite,  and  pyrite,  occur  either  as  lodes  or 
fissures,  or  as  bedded  deposits  in  limestones.  The  latter,  which  sup- 
ply most  of  the  ore,  form  replacements  in  certain  strata  of  both 
the  Upper  Carboniferous  and  Permocarboniferous,  and  lie  between 
^ceous  members  as  walls.  Both  types  of  ore  deposit  are  fre- 
quently associated  with  porphyrj'. 

The  fissures  carry  either  silver  or.  lead  with  or  without  zinc,  and 
copper  or  gold  with  some  silver.  The  replacement  ores  of  the  lime- 
stones hold  silver  and  lead  chiefly.  The  contact  ores  contain  copper 
and  gold  with  or  without  silver,  and  form  irregular  bodies  in  meta- 
morphic  limestone  adjacent  to  the  igneous  rock. 
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Fig.  196.  —  Map  of  Nevada,  showing  location  of  more  important  mining  distriota. 
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The  ordinary  crude  ore  carries  50  to  55  ounces  silver,  20  x>er  cent  lead, 
.04  to  .05  ounoe  gold,  1.5  per  oest  copper,  10  to  18  per  cent  zinc.  Silver  ia 
obtained  in  tht  proportion  of  3  ounces  silver  to  each  per  cent  iron,  1  ounoe 
silver  to  each  per  cent  lead,  and  .5  ounoe  silver  to  each  per  cent  zino. 
Bonanzas  are  known.  The  low-grade  ores  are  treated  at  the  eonoentrat- 
ing  mill,  while  the  rich  ores  are  shipped  to  the  smelter. 

Tintic  District,  Utah  (16).  —  Thia  district  lies  in  the  Tintic 
Mountains,  about  65  miles  southwest  of  Salt  Lake  City  (Fig,  201). 
The  ores  are  argentiferous 
galena,  with  a  httle  cop- 
per, the  average  per  ton 
of  240,000  tons  being  sil- 
ver, 52.44  ounces;  lea^d, 
270 pounds;  copper,  11.2 
pounds ;  gold,  .135  ounce. 
The  section  of  nearly 
14,000  feet  of  folded  Pale- 
ozoic sediments  includes 
chiefly  limestones,  which 
after  upUft  and  erodoa 
were  covered  by  Tertiary 
lavas  and  tuffs.  The  ores 
occur  in  zones  in  the  lime- 

stones,  as  fissures  in   the 

*«,/,,>,  m^SlSU'l^i^ni^  ^^'^^  igneous  rocks,  and  along 
/wjnM./.  fcy^  «.,,„//.  ^^  x-Aw/imS^  the  contact.  The  minerals 
in  tbeore  bodies  arequartz, 
barite,  pyrite,  galena, 
sphalerite,  enar^te,  silver 
and  gold  minerals  and  their  oxidation  producta. 

The  nntic  is  one  of  the  oldest  camps  in  the  state,  the  ore  having 
been  discovered  in  1869,  and  it  was  at  first  shipped  aa  far  as  Balti- 
more and  Wales.  Since  then  mills  have  been  erected  at  the  mines. 
The  chief  towns  are  Eureka,  Mammoth,  Robinson,  Silver  City,  and 
Diamond. 

The  same  type  of  ore  occurs  in  Big  and  Little  Cottonwood  cafions 
and  Bingham  Cafion  (Fig.  201),  the  latter  having  been  worked  longer 
than  those  of  the  Tintic  district.  The  camps  lie  southeast  and 
southwest  of  Salt  Lake  City,  and  the  ores  are  oxidized  lead-silver 
ores,  parallel  to  the  bedding  of  Carboniferous  limestones  and  the 
underlying  quartzit«.  Galena  and  pyrite  occur  in  the  lower  workings 
below  water  level. 


Fra.  1. ^General  view  ot  Bico,  Col.,  and  Entprpris?  group  of  n 


V  of  u  portion  of  Mcrci 
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Montana  and  Nevada^  etc.  —  Montana  contains  several  lead-silver 
ore  localities.  Those  of  Neihart  (17)  occur  as  veins  in  gneiss  and 
igneous  rocks,  the  ores  being  galena,  silver  sulphides,  and  some 
blende.  The  veins  are  best  defined  in  the  gneiss,  and  are  mostly 
replacement  deposits,  which  have  been  subsequently  fractured  and 
secondarily  enriched.  Lead-silver  ores  also  occur  at  Glendale  and 
in  Jefferson  County.  Some  are  also  known  in  South  Dakota  and 
New  Mexico  (2). 

The  Eureka  district  (8)  of  eastern  Nevada  (Fig.  195),  discovered 
in  1868,  is  chiefly  of  historic  importance.  The  ores  are  oxidized 
lead-silver  ores,  carrying  some  gold.  They  occur  in  Cambrian  lime- 
stone which  is  much  faulted  and  crushed,  and  is  part  of  a  Paleozoic 
section  30,000  feet  thick. 

The  ore  is  associated  with  a  great  fault,  and  is  oxidized  to  a 
depth  of  1000  feet.  There  are  two  mining  districts.  Prospect  Hill 
and  Ruby  Hill.  Near  the  mines  are  great  porphyry  masses  which 
are  supposed  to  have  afforded  the  ores.  Up  to  1882  the  output 
was  not  far  from  $60,000,000  of  precious  metals  and  225,000  tons 
of  lead. 
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CHAPTER  XIX 

GOLD  AND  SILVER 

Gold  and  silver  are  obtained  from  a  variety  of  ores,  in  some  of 
which  the  gold  predominates,  in  others  silver,  while  in  still  a  third 
class  these  two  metals  may  be  mixed  with  the  baser  metals,  lead, 
copper,  zinc,  and  iron.  Few  gold  ores  are  absolutely  free  from  silver, 
and  vice  versa,  so  that  a  separate  treatment  of  the  two  is  more  or  less 
difficult ;  however,  some  lead-silver  ores,  although  they  may  carry- 
some  gold,  are  sufficiently  prominent  to  be  discussed  as  a  separate 
type,  and  have  been  referred  to  in  the  preceding  chapter. 

Ore  Minerals  of  Gold. — Gold  occurs  in  nature  chiefly  as  native 
gold,  mechanically  mixed  with  pyrite,  or  as  telluride  such  as  calav- 
erite  (AuTe2;  Au,  39.5  per  cent;  Ag,  3.1  per  cent;  Te,  57.4  per 
cent).^ 

Gold  is  also  found  at  times  in  chalcopyrite,  arsenopyrite,  and 
stibnite,  but  not  as  a  rule  in  such  large  amoimts  as  may  be  shown  by 
pjTite.    Sphalerite  and  pjTrhotite  sometimes  carry  it. 

The  gold-bearing  sulphides,  as  well  as  the  tellurides,  are  all  of 
primary  character,  although  auriferous  chalcopyrite  might  be  formed 
by  secondary  enrichment. 

Native  gold  may  occur  in  the  primary,  secondary  enrichment,  or 
the  oxidized  zones.  The  tellurides,  which  are  usually  associated 
with  pyrite,  are  quite  widely  distributed,  but  not  alwayB  recog- 
nized ;  indeed  by  some  they  are  mistaken  for  sulphides. 

Ore  Minerals  of  Silver.  —  The  minerals  which  may  serve  as  ores 
of  silver,  together  with  the  percentage  of  silver  they  contain,  are 
shown  in  the  table  on  followmg  page. 

Galena,  sphalerite,  pjoite,  chalcopyrite,  and  chalcocite  may  all 
be  and  frequently  are  argentiferous,  but  the  silver  in  ore  deposits 
is  usually  carried  by  galena. 

Of  the  ore  minerals  above  mentioned,  the  most  common  primary 
ones  are  argentiferous  galena,  sphalerite,  and  pjoite,  while  native 
silver  and  the  sulphides  and  arsenides  are  less  common. 

^  Other  tellurides  are  sylvanite  and  krennerite. 
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MOfBRAL 

Composition 

Ao 

Native  silver 

Argentite,  silver  glance    .     . 
Pyrw^rite,  ruby  silver  .     . 
Proustite,  light  ruby  silver  . 
Stephanite,     brittle     silver, 

black  silver 

Cerargynte,  horn  silver    .     . 

Bromyrite 

Embolite 

lodyrite 

Tetrahedrite  (Freibergite)     . 

Ag 

Ag,S 

3  AgiS,  ShSt 

3  AgsS,  AssS. 

5  AgjS,  SbjS, 

AgCl 

AgBr 

Ag(ClBr) 

Agl 

4(CutAgsFeZn)S,  SbsSt 

100. 
87.1 
59.9 
65.5 

68.5 

75.3 

57.4 

64.5 

46. 

Variable ; 

usually  present ; 

may  DC  high. 

In  the  oxidized  zone,  silver  chloride  is  the  most  abundant,  and 
native  silver  less  so,  while  the  iodides  and  bromides  are  quite  rare 
and  formed  only  under  certain  conditions. 

The  secondary  enrichment  ores  include  native  silver,  argentite, 
stephanite,  tetrahedrite,  pyrargjrite,  and  proustite.  Argentiferous 
galena  may  also  be  present  in  the  zone  of  secondary  enrichment 
and  be  even  richer  in  silver  than  the  primary  ore. 

Mode  of  Occurrence.  —  Most  of  the  gold  and  silver  mined  in  the 
United  States  is  obtained  from  fissure  veins,  or  closely  related  depos- 
its of  irregular  shape  (112),  in  which  the  gold  and  silver  ores  have 
been  deposited  from  solution,  either  in  fissures  or  other  cavities, 
or  by  replacement.  Considerable  gold  and  a  little  silver  is  obtained 
from  gravel  deposits,  and  some  true  contact-metamorphic  deposits 
are  known.  Gold  has  been  found  to  occur  in  rare  instances  as  an 
original  constituent  of  igneous  rocks  (1,  15.  18)  and  also  meta- 
morphic  ones  (19),  but  there  are  no  known  deposits  of  commercial 
value  belonging  to  this  type. 

The  gold-  and  silver-bearing  fissure  veins  include  two  prominent 
t>'pes  (112),  viz. :  (1)  the  quartz  veins,  and  (2)  the  propylitic  type, 
in  which  the  metasomatic  alteration  of  the  wall  rock  is  often  propy- 
litic, that  is,  accompanied  by  the  formation  of  chlorite  and  epidote, 
but  near  the  veins  of  sericite  and  kaolin.  In  the  quartz-vein  type 
silver  is  present  usually  in  but  small  quantities,  while  in  the  propy- 
litic type  the  silver  often  is  an^  important  constituent.  Veins  of 
intermediate  character  may  also  occur. 

While  the  mode  of  occurrence  of  gold  and  silver  is  quite  variable, 
the  character  of  the  wall  rock  is  equally  so,  gold  and  silver  ores  being 
found  in  either  sedimentary  or  igneoiis  rocks,  and  along  the  contact 
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between  the  two,  showing  that  the  kind  of  rock  exerts  little  influence, 
except  perhaps  where  replacement  has  been  active.  On  the  other 
hand  the  influence  of  locaUty  is  much  stronger,  for  it  has  been  found 
that  many  gold-  and  silver-bearing  deposits  are  closely  associated 
with  masses  of  igneous  rock,  the  most  common  of  these  being  diorite, 
monzonite,  quartz-monzonite,  granodiorite,  while  true  granites  are 
rare  as  associates.  A  second  large  class  of  vein  systems  shows 
a  close  association  with  lavas  of  recent  age,  and  the  telluride  ores 
rather  favor  these  (8). 

Weathering  and  Secondary  Enrichment.  —  The  superficial  altera- 
tion of  gold  ores  differs  somewhat  from  that  of  deposits  containing 
ores  of  the  other  metals.  In  quartz  veins  with  auriferous  pyrite, 
the  change  of  the  latter  to  limonite  leaves  a  rusty  quartz  with 
nuggets  or  threads  of  free  gold,  and  leaching  may  remove  most  of 
the  bon.  Some  of  the  gold  may  also  be  leached  out  by  the  ferric 
sulphate,  formed  by  the  oxidation  of  the  pyrite,  and  carried  to 
lower  levels,  where  it  is  reprecipitated.  Ferric  chloride  in  the  pres- 
ence of  manganese  oxide  may  also  act  as  a  solvent.  Whether  the 
reprecipitation  of  the  gold  is  due  to  pyrite  or  carbonaceous  matter 
is,  in  some  cases  at  least,  an  unsettled  question  (6,  and  Ref .  on  ore 
deposits) . 

Telluride  ores  weather  in  a  somewhat  characteristic  manner,  the 
product  being  free  gold.  This  may  be  of  earthy  appearance  and 
faint  brownish  color,  or  consist  of  aggregates  of  extremely  small 
crystals  of  gold  which  form  a  spongy  mass,  or  a  thin  film  on  the 
surface  of  the  rock. 

Silver  sulphides  are  changed  to  chlorides,  and  native  silver  may 
also  be  formed.  In  the  weathered  portion  of  some  silver-bearing 
deposits,  silver  bromides  and  iodides  are  also  found. 

Penrose  has  suggested  ^  that  these  ore  bodies  were  in  the  vicinity 
of  saline  deposits,  where  haloid  compounds  were  dissolved  by  the 
soil  waters  that  penetrate  the  ores.  Keyes,  however,  believes  that 
the  prevailing  source  of  saline  materials  is  the  wind-blown  dust 
produced  by  disintegrative  processes  so  predominant  in  arid 
regions  (9). 

Geological  Distribution.  —  Gold  and  silver  ores  have  been  de- 
posited at  a  number  of  different  periods  in  the  geological  history 
of  the  continent,  notably,  in  the  pre-Cambrian,  Cambrian,  Cre- 
taceous, and  Tertiary  ages;  but  Silurian,  Devonian,  and  Carbon- 
iferous gold  deposits  are  not  definitely  known  to  exist  in  North 

1  Jour.  Geol.,  II :  1894. 
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America,  although  some  of  the  Appalachian  veins  may  be  of  this 
age  (112).    Silver  ores  show  much  the  same  geological  range. 

The  geological  distribution  is  referred  to  in  more  detail  under 
Metallogenetic  Epochs  in  Chapter  XIV. 

Classification.  —  A  classification  of  gold  and  silver  ores  is  in 
any  event  attended  with  more  or  less  difficulty.  Divisions  based 
on  geological  and  structural  characters  would  for  many  purposes 
be  more  satisfactory,  while  for  conmiercial  or  metallurgical  work 
a  grouping  according  to  metallic  contents  is  perhaps  more  desirable. 

The  following  classification  according  to  the  associations  of  the 
ores  is  sometimes  used  (Lindgren). 

1.  Placers  or  gravel  deposits.  These  serve  chiefly  as  a  source  of 
native  gold,  but  may,  and  often  do,  contain  a  little  silver,  much  of 
which  is  never  separated  from  the  ore  in  which  it  occurs.  These 
gravels  are  derived  chiefly  from  quartz  veins  of  Mesozoic  age  in  the 
Pacific  coast  region,  and  to  a  less  extent  from  pre-Cambrian  veins  of 
the  Appalachian  region  and  Black  Hills  of  South  Dakota.  Some  are 
also  derived  from  veins  in  Tertiary  lavas,  but  these  usually  contain 
the  metals  in  such  a  finely  divided  condition,  or  in  such  combination, 
that  they  do  not  readily  accumulate  in  stream  channels. 

2.  Quartzose  or  dry  ores,  in  which  the  gold  and  some  silver  are 
found  in  a  quartz  gangue,  and  are  either  free  or  mixed  with  sulphides, 
commonly  pyrite.  They  are  of  varying  age.  Those  of  California, 
Oregon,  and  Alaska  are  Mesozoic  and  associated  chiefly  with  quartz 
monzonite,  granodiorite,  and  diorite.  Another  great  class  of  post- 
Miocene  age,  found  chiefly  in  Colorado,  Nevada,  and  Montana,  is 
associated  with  Tertiary  lavas  and  characterized  by  bonanzas. 
The  most  productive  ones  carry  fluorite  and  normally  also  tel- 
lurides.  In  some,  gold  may  predominate;  in  others,  silver.  A 
third  class,  of  pre-Cambrian  age,  is  found  in  the  Atlantic  states, 
Wyoming,  and  South  Dakota,  the  last  mentioned  including  the 
famous  Homestake  mine.  These  are  classified  as  dry  ores,  because 
they  are  not  as  a  rule  smelting  ones ;  they  contain  limited  quantities 
of  copper  and  lead,  but  may  have  some  pyrite. 

3.  Gold-  and  silver-bearing  copper  ores.  These,  which  include 
ores  with  2^-  per  cent  or  more  of  copper,  are  widely  distributed 
throughout  the  United  States,  and  exhibit  great  differences  in  form 
and  age;  neither  do  all  the  occurrences  yield  much  gold  or  silver,  and 
moreover  they  are  of  more  importance  as  gold  producers,  silver 
being  less  often  associated  with  the  copper.  The  output  is  obtained 
chiefly  from  Colorado,  Utah,  and  Montana.     Those  of  the  last  two  * 
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states,  which  supply  most  of  the  production,  are  found  as  replace- 
ment veins  in  granites  or  early  Tertiary  igneous  rocks.  The  large 
copper  deposits  of  Arizona  produce  but  little  gold  or  silver,  with 
the  exception  of  those  at  Jerome.  This  class  of  ores  yields  about 
one  third  of  all  the  silver  mined  in  the  United  States. 

4.  Gold-  and  silver-bearing  lead  ores,  containing  4^  or  more  per 
cent  of  lead.  This  class  includes  a  variety  of  deposits,  containing 
much  lead,  and  also  silver,  with  gold  usually  in  subordinate  amounts. 
They  occur  chiefly  in  Colorado,  Utah,  and  Idaho,  and  furnish  about 
one  half  of  the  silver  obtained  in  the  United  States.  They  are  dis- 
cussed separately  under  the  head  of  Silver-Lead  ores. 

A  subtype  of  this  class  is  represented  by  the  veins  of  argentiferous 
galena  and  tetrahedrite  of  the  Wood  River  district,  Idaho.  These 
are  veins  in  slates  near  the  contact  of  intrusive  granite  and  are  of 
late  Mesozoic  age.  Arizona,  California,  Washington,  and  New  Mex- 
ico produce  small  amounts  of  argentiferous  lead  ores. 

5.  Copper-lead  or  oopper-lead-zinc  ores.  The  former  come 
mainly  from  the  Park  City  and  Tintic  districts  of  Utah. 

6.  Zinc  ores  containing  at  least  25  per  cent  zinc.  These  jrield 
but  small  amounts  of  either  gold  or  silver.  The  zinc-lead  ores 
produce  more. 

Extraction.  —  Since  gold  and  silver  ores  vary  so  in  their  minera- 
logical  associations  and  richness,  the  metallinrgical  processes  involved 
in  their  extraction  are  varied  and  often  complex. 

Those  ores  whose  precious  metal  contents  can  be  readily  extracted 
after  crushing,  by  amalgamation  with  quicksilver,  are  termed  free- 
miUing  ares.  This  includes  the  ores  which  carry  native  gold  or 
silver,  and  often  represent  the  oxidized  portions  of  ore  bodies. 
Others,  containing  the  gold  as  telluride  or  containing  sulphides  of 
the  metals,  are  known  as  refractory  ores  and  require  more  complex 
treatment.  These,  after  mining,  are  sent  direct  to  the  smelter  if 
sufficiently  rich,  but  if  not  they  are  often  crushed  and  mechanically 
concentrated.  The  smelting  process  is  also  used  for  mixed  ores, 
the  latter  being  often  smelted  primarily  for  their  lead  or  copper 
contents,  from  which  the  gold  or  silver  is  then  separated.  While 
in  some  cases  there  are  smelters  at  the  mines,  still  there  is  a  growing 
tendency  towards  the  centralization  of  the  industry,  and  large 
smelters  are  now  located  at  Denver,  Salt  Lake  City,  etc.,  which 
draw  their  ore  supply  from  many  mining  districts. 

Low-grade  ores  may  first  be  roasted,  and  the  gold  then  extracted 
by  leaching  with  cyanide  or  chlorine  solutions.    The  introduction 
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of  the  cyanide  and  chlorination  processes,  which  are  applied  chiefly 
to  gold  ores,  has  permitted  the  working  of  many  deposits  formerly 
looked  upon  as  worthless,  and  in  some  regions  even  the  mine  dumps 
are  now  being  worked  over  for  their  gold  contents.  It  is  estimated 
that  in  1902  $8,000,000  worth  of  gold  ores  were  cyanided.  The  chief 
fields  are  in  the  Cripple  Creek  r^on  of  Colorado ;  the  De  Lamar  dis- 
trict, Idaho;  Marysville,  Montana;  Bodie,  California;  and  in  Arizona. 
The  most  important  gold-milling  centers  of  the  United  States  are 
the  Mother  Lode  district  of  Cahfomia;  the  Black  Hills,  South 
Dakota;  and  Douglas  Island,  Alaska. 


The  value  of  ore  and  bullion  is  determined  from  a  sample  assay, 
and  the  smelter,  in  paying  the  miner  for  his  ore,  allows  for  gold  in 
excess  of  $1  per  ton  of  ore  at  the  coining  rate  of  $20.67  per  ounce,  and 
for  silver  at  New  York  market  price,  deducting  5  per  cent  in  each 
case  for  smelter  losses.  I^ead  and  copper  are  paid  for  in  the  same 
manner,  as  are  also  iron  and  manganese,  if  there  is  a  sufficient  quan- 
tity present.  No  allowance  is,  however,  made  for  zinc,  and,  in  fact, 
a  deduction  is  made  if  it  exceeds  a  certain  per  cent. 

Distribution  of  Gold  and  Silver  Ores  (Fig.  197).  —  Gold  ores  are 
widely  distributed  in  the  Cordilleran  region  and  Appalachian  prov- 
ince, while  the  silver  ores  are  found  chiefly  between  the  Great 
Plains  and  Pacific  coast  ranges,  exclusive  of  the  Colorado  plateau 
repon.  This  occurrence  in  two  widely  separated  areas  is  brought 
out  in  an  interesting  manner  in  F^g.  197. 
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More  than  a  third  of  the  United  States  production  of  gold  comes 
from  the  southern  half  of  the  Rocky  Mountains,  Colorado  being 
the  main  producer.  In  this  area,  however,  the  ores  vary  widely 
in  their  mineralogical  associations,  the  gold  occurring  mostly  in 
combination  with  silver,  lead,  copper,  and  zinc  ores,  but  also  at 
times  free,  or,  in  the  most  productive  district,  as  a  telluride. 

The  Pacific  belt,  excluding  Alaska,  supplies  about  22  per  cent  of 
the  total  amoimt  of  gold  produced,  the  famous  Mother  Lode  region, 
mentioned  later,  being  the  most  important  producer.  Alaska 
yields  about  21  per  cent,  and  the  Basin  Range  province  nearly  25 
per  cent,  collected  from  widely  separated  deposits  in  Utah,  Nevada, 
Arizona,  and  New  Mexico,  and  in  which  the  gold  is  associated  with 
copper,  silver,  or  lead. 

Probably  three  fifths  of  the  silver  obtained  in  the  United  States 
comes  from  the  Rocky  Mountain  region,  Colorado  alone  yielding 
about  one  sixth,  while  Montana  supplies  about  one  fourth  of  the  total 
amount  produced,  and  about  three  fourths  of  this  is  obtained  as  a 
by-product  in  copper  smelting.  The  Basin  Range  province  furnishes 
something  under  two  fifths,  at  least  one  half  of  this  coming  from  Utah, 
especially  from  the  Park  City  mines  near  Salt  Lake  City*  (114). 

The  gold  and  silver  occurrences  of  the  United  States  and  Alaska 
can  be  grouped  under  five  areas,  as  follows :  — 

1.  Cordilleran  region. 

2.  Black  Hills,  South  Dakota  region. 

3.  Michigan  region. 

4.  The  Eastern  Crystalline  belt. 

5.  Alaska. 

Of  these,  the  first,  second,  and  fifth  are  the  most  important,  while 
the  third  is  insignificant. 

CORDILLERAN  REGION 

The  area  contains  a  number  of  important  deposits  of  gold  and 
silver  ores,  occurring  chiefly  in  veins,  and  to  a  lesser  extent  in  gravels. 

These  veins  and  associated  deposits  are  divisible  into  three  groups, 
based  on  their  geologic  age  (112),  viz. :  (1)  Cretaceous  veins  of 
the  Pacific  coast;  (2)  Late  Cretaceous  or  early  Tertiary  deposits, 
sometimes  referred  to  as  the  Central  Belt;  (3)  Tertiary  deposits. 

Pacific  Coast  Cretaceous  Gold-quartz  Ores.  —  This  important 
gold  belt,  which  is  characterized  by  quartzose  ores  with  free  gold  and 

^  These  estimates  are,  of  course,  only  approximate. 
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auriferous  sulphides,  extends  along  the  Pacific  coast  from  Lower 
California  up  to  the  British  Columbia  boundary.  ■  The  depomts 
belonging  to  this  are  especially  important  in  California,  but  fartiher 


Fia.  198.  —  Map  of  California,  showing  location  of  more  important  mining  districts. 

north,  in  Oregon  and  Idaho,  the  veins  in  many  cases  have  been 
covered  up  by  the  lava  flows  of  the  Cascade  Range,  and  those  known 
in  that  region  differ  somewhat  from  the  California  deposits  in  con- 
toning  many  mixed  silver-gold  ores  and  also  veins  carrying  aurifer- 


476 


ECONOMIC  GEOLOGY 


ous  sulphides  without  free  gold.  The  ores  of  this  belt  are  all  of 
undoubted  Mesozoic  age,  and  are  accompanied  by  many  extensive 
placer  deposits,  which  have  been  derived  by  the  weathering  down 
of  the  upper  parts  of  the  quartz  veins,  the  portions  now  remaining 
in  the  ground  representing  probably  but  the  stump  of  originally 
extensive  fissure  veins  (112). 

Among  the  deposits  of  this  belt  two  groups  stand  out  in  some 
prominence,  namely,  those  of  the  so-called  Mother  Lode  district 
and  of  Nevada  County. 


Nat 


Fia.  199.  —  Map  and  section  of  portion  of  Mother  Lode  district,  Calif.  Egv,  river 
gravels,  usually  auriferous ;  Ngy  auriferous  river  gravels.  Sedimentary  rocks  : 
/m,  mariposa  formation  (clay,  slate,  sandstone,  and  conglomerate)  ;  Cc,  cala- 
veras  formation  (slaty  mica  schists).  Igneous  rocks  :  Nl,  latite  ;  Natt  andesite 
tu£fB,  breccia,  and  conglomerate ;  mdi,  meta-diorite ;  Sp,  serpentine ;  ma^ 
meta-andesite ;  am»t  amphibole  schist.  {From  U.  S.  Geol.  Surv.^  Atlas  Folio^ 
Mother  Lode  sheet.) 

Mother  Lode  Belt.  —  This  includes  a  great  series  of  quartz  veins, 
beginning  in  Mariposa  County  and  extending  northward  for  a  dis- 
tance of  112  miles.  The  veins  of  this  system  break  through  black, 
steeply  dipping  slates  and  altered  volcanic  rocks  of  Carboniferous 
and  Jurassic  age  (Fig.  199),  and  since  they  are  often  found  at  a 
considerable  distance  from  the  granitic  rocks  of  the  Sierra  Nevada, 
they  have  apparently  no  genetic  relation  with  them.     The  veins, 


..<• 


Pljitb   XLVI 


Fio.  1.  —  Keimedy  nune  od  the  Mother  Lode,  near  Jackson,  Calif. 
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which  occur  either  in  the  slate  itself  or  at  itp  contact  with  diabase 
dikes,  show  a  remarkable  extent  and  uniformity,  due  to  the  fact 
that  in  the  tilted  layers  of  the  slates  there  lay  planes  of  weakness 
for  the  mineral-bearing  solution  to  follow.  The  ore  is  native  gold 
or  auriferous  pyrite  in  a  gangue  of  quartz,  and  the  average  value 
may  be  said  to  vary  from  $3  to  $4  up  to  $50  or  $60  per  ton.  The 
veins  often  split  and  some  of  the  mines  have  reached  a  depth  of 
several  thousand  feet. 

Nevada  County  (47).  —  In  Nevada  County  the  mines  of  Grass 
Valley  and  Nevada  City  are  likewise  quartz  veins  (PI.  XLVl,  Fig.  2), 
but  they  occur  along  the  contact  between  a  granodiorite  and  dia- 
base porphyry,  as  well  as  cutting  across  the  igneous  rock  (Fig.  200). 
Two  systems  of  fault  fissures  occur,  and  in  these  the  ore  is  found 
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a.  MERRinELO  VEIN  6.URAL  VEIN  C.6LATE  VEIN 


Fio.  200.  —  Section  illustrating  relations  of  auriferous  quarts  veins  at  Nevada 
City,  Calif.     {A/ler  Lindgren,  U.  8.  Geol.  Surv.,  I7th  Ann.  Kept.,  II.) 


either  in  native  form  or  associated  with  metallic  sulphides.  The 
width  of  the  vein  averages  from  2  to  3  feet,  and  the  lode  ore 
generally  occurs  in  well-defined  bodies  or  pay  shoots.  The  vein 
filling  was  deposited  by  hot  solutions,  and  while  the  wall  rocks 
contain  the  rare  metaLs  in  a  disseminated  condition,  Lindgren  (47) 
believes  that  the  ores  have  been  leached  out  of  the  rocks  at  a  con- 
siderable depth.  The  mines  at  Nevada  City  and  Grass  Valley 
have  been  large  producers  of  gold  and  some  silver.  Placer  mines 
have  furnished  a  small  portion  of  the  product,  but  at  the  present 
day  these  latter  are  of  little  importance. 

In  Oregon,  the  quartz  veins  are  worked  in  Baker  County,  which 
is  the  most  important  gold-producing  region  of  the  state  (104,  105). 
Gold  ores  with  sulphides  in  quartz  gangue  are  worked  in  the  Monte 
Cristo  district  of  Washington  (119). 
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Late  Cretaceous  or  farly  Tertiary  Deposits.  —  The  deposits  of 
this  age  occupy  a  broad  zone  in  the  central  and  eastern  part  of  the 
Cordilleran  region,  and  are  gold  ores  of  varying  character.  While 
they  differ  in  age  and  characters  from  the  Pacific  coast  ores,  and 
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FiQ.  201.  —  Map  of  Utah,  showing  location  of  more  important  mining  districts. 

those  of  the  belt  to  be  next  mentioned,  nevertheless  they  are  not 
absolutely  separated  from  them  geographically. 

The  Mercur,  Utah  (Fig.  201),  and  I^adville,  Colorado  (Fig.  203), 
deposits,  the  latter  referred  to  under  lead  and  zinc,  are  included 
under  this  type. 
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M^fmtTj  Utah.  —  The  goldnsilver  mines  of  the  Mercur  (117) 
djfrtnct  in  Utah  form  perhaps  the  most  important  occurrence  in 
.^^uds  central  zone.  Here  the  Carboniferous  limestones,  shales,  and 
sandstones,  representing  about  12,000  feet  of  sediments,  are  folded 
into  a  low  anticline  (Fig.  202).  Near  the  center  of  the  section  is 
the  great  blue  limestone,  carr3dng  an  upper  and  a  lower  shale  bed. 
Quartz  porphyry  has  intruded  the  limestone,  and,  at  two  places 
especially,  spread  out  laterally  in  the  form  of  sheets,  on  whose  under 
side  the  ore  is  found,  the  silver  ores  under  the  lower  sheet,  the  gold 
ores  under  the  upper  one,  about  100  feet  above  the  first.  The 
silver  ore  is  cerargyrite  and  argentiferous  stibnite  in  a  silicified  belt 
of  the  limestone.  The  gold  is  native  and  occurs  in  a  belt  of  resid- 
ual contact  clay,  near  northeast  fissures  cutting  the  limestone, 
being  oxidized  in  places  and  accompanied  by  sulphides  in  others. 
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FiQ.  202.  —  Section  at  Mercur,  Utah.     {After  Spurr,  U.  S.  Oeol.  Surv.,  IGth  Ann. 

Rept,,  II.) 

The  ore  runs  1-19  ounces  of  silver  per  ton,  and  2-3  ounces  of  gold, 
with  a  gangue  of  quartz,  barite,  limonite,  and  arsenical  sulphides. 
The  silver  minerals  are  thought  to  have  been  deposited  by  heated 
solutions  which  came  up  along  the  igneous  sheet  some  time  after 
its  intrusion,  and  the  deposition  of  the  gold  ore  is  believed  to  have 
taken  place  some  time  after  the  silver  was  deposited.  Some  doubt 
exists  as  to  the  exact  source  of  the  ascending  waters,  but  in  all 
probability  they  were  derived  from  some  deep-seated  cooling  lac- 
colith.   The  ores  are  especially  suited  to  the  cyanide  treatment. 

Other  Occurrences,  —  The  northward  continuation  of  this  belt 
of  gold-bearing  veins  in  Idaho  and  Montana  presents  somewhat 
different  types  of  deposits,  for  there  the  veins  are  causally  connected 
with  great  batholiths  of  Mesozoic  granite;  and  while  the  veins 
resemble  those  of  the  Pacific  coast  in  the  quartz  filling  and  free 
gold  contents,  they  differ  from  the  latter  in  containing  more  silver, 
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and  often  large  quantities  of  sulphides  with  little  free  ^Id.  Id 
fact  in  tbeir  geol(^c  relations  they  are  intermediate  betweei^  the 
quartz  vein  and  propylitic  type.  Of  special  prominence  are  thobc 
of  Marysville,  Montana  (80),  and  Idaho  Basin,  Florence,  etc.,  in 
Idaho.  This  difference  is  more  marked  in  the  Montana  occurrences, 
in  which  the  gold  becomes  subordinate  and  is  obtained  as  a  by- 
product in  silver  mining. 


Eastern  Belt  of  Tertiary  Gold-Silver  Veins.  —  Of  greater  impor- 
tance than  the  preceding  class  are  the  veins  of  Tertiary,  mostly 
post-Miocene,  age,  which,  according  to  Lindgren,  are  characteristic 
of  regions  of  intense  volcanic  activity,  and  cut  acros.s  andesite  flows, 
or  more  rarely  rhyohte  and  basalt.  The  veins  may  be  entirely 
within  the  volcanic  rocks,  or  the  fissures  may  continue  downward 
into  the  underlying  rocks,  which  have  been  covered  by  the  extrusive 
masses.  Many  of  these  Tertiary  deposits  belong  to  the  propybtic 
class,  showing  characteristic  alterations  of  the  wall  rock.  The  ores 
are  commonly  quartzose,  and  though  either  gold  or  silver  may  pre- 
dominate, the  quantities  of  the  two  metals  are  apt  to  be  equal. 
Bonanzas  are  of  common  occurrence,  and  on  this  account  the  mines 
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may  be  very  rich  but  short-lived ;  still,  the  workable  ore  in  many 
extends  to  great  depths,  but  is  less  rich  than  nearer  the  surface.  Ex- 
tensive and  rich  placers  are  rarely  foimd  in  the  Tertiary  belt  of  veins, 
for  the  reason  that  the  fine  distribution  of  the  gold  is  not  favorable 
to  its  concentration  and  retention  in  stream  channels.  Deposits 
of  this  type  are  worked  in  a  number  of  states,  including  Colorado, 
Nevada,  Arizona,  New  Mexico,  and  Idaho.  Colorado  leads  in  the 
production  of  gold  ores,  for  in  no  state  are  the  Tertiary  deposits  of 
the  propylitic  type  developed  on  such  a  scale. 

Several  of  the  more  important  representatives  of  this  type  may  be 
mentioned. 

Cripple  Creek  (63). — This  district,  which  is  a  most  important 
one  in  this  belt,  is  a  producer  of  ores  containing  gold  almost  exclu- 
sively. The  region  lies  about  ten  miles  west  of  Pikes  Peak  proper, 
but  in  the  foothills  of  this  mountain  mass. 
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Fio.  204.  —  Sections  showing  possible  outline  of  the  Cripple  Creek  volcainic  cone 
at  the  close  of  the  volcanic  epoch.  {After  Lindgren  and  Ranaome,  U.  S.  OeoL 
Surv.,  Prof.  Pap.  64.) 


The  rocks  of  the  district  include  (1)  a  series  of  pre-Cambrian 
metamorphic  rocks  and  igneous  basement  complex,  and  (2)  the 
products  of  the  Tertiary  Cripple  Creek  volcano  (Fig.  204). 

The  metamorphic  rocks  include  a  quartz-muscovite-fibrolite 
schist,  and  a  biotite  gneiss ;  the  old  igneous  rocks  include  (1)  three 
varieties  of  granite,  viz.  the  Pikes  Peak  (quartz-biotite-microcline). 
Cripple  Creek  (finer-grained  but  similar).  Spring  Creek  (quartz- 
orthoclase  mainly,  and  of  medium  grain);  and  (2)  differentiation 
products  of  an  olivine-syenite  magma. 

The  Tertiary  volcanic  rocks  represent  a  series  of  chemically 
related  products,  from  a  single  eruptive  center.  Commonest  of 
these  are  tuflfs  and  breccias,  which  are  cut  by  a  series  of  dikes  of 
phonolite,  next  a  latite-phonolite,  followed  by  a  syenite,  trachy- 
dolerite,  and  several  dark  basic  dike  rocks. 
2i 
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The  ore  bodies,  which  in  nearly  all  cases  are  associated  with 
fissures,  are  of  two  types,  viz,  (1)  lodes  or  veins  (Figs.  205,  206), 
and  (2)  irregular  replacement  bodies,  occurring  usually  in  granite. 
The  two  are  not  sharply  separated. 

All  the  veins  are  characterized  by  the  narrowness  of  the  fissure 
and  incomplete  filling.     The  lode  fissures  occur  mainly  within  the 
volcanic  neck,  have  a  roughly  radial 
'v'     plan,  and  are  usually  nearly  vertical, 
■■,     the  individual  fissures  rarely  exceed- 
ing a  half  mile  in  length.     But  even 
/     the  productive  ones  may  be  quite 
short,  not  exceeding  a  few  hundred 
■.      feet;    and   while   productive    lodes 
may  occur  in  all  rocks,  except  per- 
haps the  schist,  they  seem  to  favor 
\     the  breccia  and  granite,  many  fol- 
lowing phonoUtic  or  ba^c  dikes. 

The  lodes  generally  show  a  char- 
acteristic sheeted  structure,  but  the 
;;;■     fissures   in   general  are   not  fault 
planes,  having  probably  been  formed 
^  ^  about  the  same  time  as  the  intni- 
^"^'Z.-....^^    ff... .......  "      ^'**"^  "^  ^^^  basic  dikes  and  caused 

by  compressive  stresses  set  up  by  a 
slight  sinking  of  the  solidified  brec- 
cia and  associated  intrusives. 

The  ore  occurs  filling  narrow 
fissures,  and  within  the  veins  it  occurs  in  shoots  of  variable  dze, 
which  may  develop  in  any  rock. 

The  ore  minerals  are  mainly  tellurides  of  gold,  deposited  mfunly 
by  fissure  filling  and  less  often  by  replacement,  with  pyrite  as  a 
common  associate;  but  native  gold  is  rare  in  the  unoxidized  ore. 
Quartz,  fluorite,  and  dolomite  are  the  most  important  gangue  min- 
erals, and  galena,  sphalerite,  tetrahedrite,  stibnite,  and  molybdenite 
are  found  sparingly. 

Oxidation  changes  the  vein  to  a  soft  brown,  homc^neous  mass, 
and  the  tellurides  into  brown,  spongy  gold  and  tellurites,  but  there 
is  no  evidence  of  secondary  enrichment.  The  ore  does  not  appear  to 
decrease  in  its  value  per  ton  with  depth,  though  the  actual  quantity 
of  it  is  less. 

The  rocks  bordering  the  veins  have  undergone  some  alteration, 
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which  is  more  pronounced  in  the  breccia,  and  involves  a  change  of  the 
dark  silicates  to  carbonates,  pyrite,  and  fluorite,  and  of  the  feldspars 
and  feldspathoids  to  sericite  and  adularia. 


lite.     iA/ler  Lindgrm  and  Raniomt,  V.  S.  Oeol.  Sun.,  Prof.  Pap.  54.) 

The  ores  are  believed  to  have  been  deposited  by  hot  alkaline  solu- 
tions, which  contained  the  following  compounds  and  ions  either  free 
or  in  combination :  SiOj,  COj,  H,S,  COj,  S04,  S,  CI,  F,  Fe,  Sb,  Mo, 
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V,  W,  Te,  Au,  Ag,  Cu,  Zn,  Pb,  Ba,  Sr,  Ca,  Mg,  Na,  K.    Some  of 
these  may  have  been  leached  out  of  the  volcanics. 

The  ore  is  in  part  smelting  ore,  which  is  sent  to  Pueblo  and 
Denver  for  treatment,  but  the  balance,  which  is  considerable,  is 
treated  by  the  cyanide  or  the  chlorination  process. 

The  Cripple  Creek  ores  as  a  rule  run  low  in  silver  and  from  1  to  10 
ounces  of  gold  per  ton,  with  an  average  value  of  $30  to  S40  per  ton.  Most 
of  the  ores  are  treated  by  the  chlorination  or  cyanide  process,  especially 
the  former,  and  about  one  sixth  of  the  output  is  shipped  directly  to  the 
smelters  at  Denver  and  Pueblo. 

The  rapid  rise  of  this  district  is  well  shown  by  the  following  figures  of 
production.  A  maximum  was  reached  in  1900,  since  which  the  output 
has  gradually  declined. 

Pboduction  in  Cripple  Creek  District  in  1893-1908 


Ybab 

Valuib 

Ybab 

Value 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

$2,010,367 

2.908.702 

6,879.137 

7,612,911 

10,139.708 

13.507.244 

15.658.254 

18.073.539 

17,261,579 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

Total 

$16,912,783 
12.967.338 
14,504,350 
15.441.591 
14,286,675 
10.953,649 
12.772.477 

1900 

1901 

$191,790,204 

San  Juan  Region,  Colorado  (59, 62, 65,  66,  67).  — This  region  covers 
a  large  tract  of  mountainous  country,  in  southwestern  Colorado,  and 
includes  the  counties  of  San  Juan,  Dolores,  La  Plata,  Hinsdale,  and 
Ouray.  The  continental  divide  crosses  it,  but  the  main  portion 
consists  of  a  deeply  cut  volcanic  plateau.  The  area  is  an  important 
one  noted  for  its  veins  carrying  gold,  silver,  and  lead  ores  in  var5ring 
proportions,  but  owing  to  the  precipitous  slopes,  high  ridges,  and 
great  altitude  at  which  the  veins  outcrop,  mining  is  sometimes 
attended  with  difficulty.  Important  towns  in  the  area  are  Telluride, 
Silverton,  Ouray,  Creede,  etc. 

The  geological  history  of  the  San  Juan  region  is  exceedingly  com- 
plex, the  pre-Tertiary  surface  being  deeply  buried  under  volcanic 
beds  which  still  cover  the  main  area,  but  the  older  rocks  have  been 
exposed  by  erosion  in  the  surrounding  districts.  The  most  complete 
section  is  seen  in  the  Animas  Valley,  between  Silverton  and  Du- 
rango,  but  the  two  generalized  columnar  sections  of  the  Telluride 
and  Oura}'  quadrangle  (PI.  XLIX)  will  serve  to  give  a  somewhat 
clear  idea  of  the  age  and  succession  of  the  formations. 


Plaid  XLVIII 


Fio.  2.  —  Goneral  view  of  regitm  around  Tonopah,  Nev.     {J.  E.  Spurr,  photo.) 
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The  entire  region  has  not  been  studied 
in  detail  geologically,  but  several  quad- 
rangles are  known  with  some  intimacy 
and  may  be  referred  to. 

TeUuride  Quadrangle  (65).  —  In  this 
quadrangle  whose  geologic  section  is  shown 
(PI.  XLIX  and  Fig.  207)  the  ores  occur  in 
veins  which  are  filled  fissures  that  pene- 
trate all  rocks  exposed  in  the  area,  and 
were  later  even  than  the  rhyolite  or  the 
intrusions  of  the  diorite  stocks.  Four  gen- 
eral directions  of  fissuring  are  noted. 

The  lodes  are  narrow  zones  of  closely 
spaced  fissures  filled  with  ore,  little  of  which 
is  found  outside  of  the  zone.  The  veins 
vary  in  width,  averaging  about  3  feet,  but 
the  ore  usually  forms  a  narrow  strip  follow- 
ing one  side  or  the  other,  and  rarely  fiUing 
the  entire  zone. 

The  veins  also  vary  somewhat  in  their 
regularity,  according  to  the  kind  of  rock 
through  which  they  pass,  being  best  de- 
veloped in  the  andesite.     Faulting  is  rare. 

The  ore  minerals  are  galena,  freibergite 
(argentiferous  gray  copper),  polybasite, 
proustite,  stephanite,  and  perhaps  other 
silver  sulphides,  with  more  or  less  gold, 
which  may  be  in  pyrite  and  chalcopyrite. 
There  are  also  a  number  of  metallic  and 
non-metallic  gangue  minerals,  including 
sphalerite,  zinc  blende,  mispickel,  magnet- 
ite, native  copper,  quartz,  calcite,  siderite, 
rhodochrosite,  dolomite,  fluorite,  barite 
sericite,  biotite,  chlorite,  amphibole,  apatite, 
garnet,  orthoclase,  picotite,  and  kaolinite. 

The  greater  number  of  veins  have  been 
found  in  the  granular  rocks  of  the  stocks 
along  the  central,  east,  and  west  portions 
of  the  area,  and  in  the  heavy  andesitic 
breccia,  tuflf,.and  agglomerate  of  the  San 
Juan  formation  (PI.  XLIX),  best  developed 
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in  the  northern  half  of  the  area.    This  last  horizon  has  been  the 
most  productive. 

The  ore  appears  to  have  been  deposited  from  ascending  hot-water 
solutions  which  penetrated  all  open  spaces  in  the  fissured  zones. 
Ransome  explains  it  as  follows :  Surface  waters  percolating  down- 
ward dissolve  alkaUes  from  the  igneous  rocks  as  sulphides.  These 
alkalies  as  they  become  hotter  on  approaching  the  magma  become 
charged  with  sulphidic  and  carbonic  acids  derived  from  volcanic 

sources,  thus  becoming  sol- 
vents for  the  metals,  and 
silica,  lime,  etc.,  which  they 
gathered  from  the  more 
basic  portions  of  the 
magma.  These  solutions 
then  brought  metals  and  sil- 
icates and  deposited  them 
higher  up. 

The  metals  were  de- 
posited in  the  fissures,  «^hile 
the  penetration  of  the  wall 
rocks  by  the  alkaline  solu- 
tions containing  sulpht  c 
acid  changed  the  iron  in  t 
ferromagnesian  silicate. , 
and  the   potash  went  to- 

FiG.  208.-Geologic  map  of  Telluride  district.     ^^^     *^®     formation     of 

Col.,  showing  outcrop  of  more  important   sericite.    Carbonates  were 

veins.     (After  Wmshw.  Amer.  Inst.  Min.     deposited  Oil  the  walls,  due 
Enffrs.t  Trans.  XXIX.)  .  « 

to  action  of  water  on  lime 
feldspars.  Silica  was  set  free  and  removed  mostly  from  the  walls. 
Gold  was  carried  into  the  walls  to  some  extent. 

Silverton  Qiuidrangle  (67).  —  This  quadrangle  lies  east  of  the 
Telluride.  The  oldest  formations  are  the  Archaean  schists  and 
gneisses,  overlain  by  Algonkian  quartzites,  and  these  in  turn  by 
Cambrian,  Devonian,  and  Carboniferous  sediments,  the  whole 
being  capped  by  a  thick  series  of  Tertiary  volcanics  similar  to  those 
of  the  Telluride  quadrangle,  but  separated  from  the  top  of  the  Car- 
boniferous by  a  conglomerate.  A  number  of  unconformities  are 
present  in  different  parts  of  the  series. 

The  ore  deposits  are  of  three  types,  viz. :  (1)  lodes,  which  include 
most  of  the  now  productive  deposits;  (2)  stocks  or  masses,  which 


'      I 


Plate  \LI\  — Cpneral  columnar  section  of  A,  Ouray  quudraiigle  ;  B,  Tellurido 
quadraogle.      U  =  unconformity.      ((/.  ^i.  Gcol.  Sure.) 
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include  most  of  the  ore  bodies  fonnerly  worked  on  Red  Mountain; 
(3)  metasomatic  replacements,  including  a  few  deposits  found  in 
limestones  or  rhyolite. 

The  lodes,  which  are  widely  distributed  and  vary  in  size  and  de- 
gree of  mineralization,  may  occur  in  all  the  rocks  from  the  pre-Cam- 
brian  schists  to  the  latest  monzonitic  intrusions,  cutting  the  Ter- 
tiary volcanics,  but  the  greater  number  are  found  in  the  San  Juan 
tufif  and  Silverton  volcanic  series.  Moreover,  the  gold  and  silver 
are  not  imiformly  distributed  in  the  quadrangle. 

The  most  conspicuous  fissuring  is  northeast-southwest,  with  dips 
usually  of  about  75°,  and  faulting  noticeable  in  but  a  few  lodes. 
The  fissures  were  formed  substantially  at  the  same  time,  and  prob- 
ably in  late  Tertiary. 

Most  of  the  lodes  are  simple  fissure  veins,  showing  bands  of 
gangue  and  ore  confined  between  definite  walls,  while  the.  width 
of  the  workable  vein  varies  from  a  few  inches  up  to  10  or  12  feet. 
The  wall  rock  is  not  usually  much  altered  except  in  the  rhyolite 
replacement  deposits. 

The  ore  minerals  are  tetrahedrite,  very  common,  may  carry  both 
As  and  Sb ;  enargite,  common  in  Red  Mountain  range ;  chalco- 
pyrite,  common  and  sometimes  auriferous ;  galena,  very  important 
and  widespread ;  sphalerite,  common  and  accompanies  galena,  and 
several  silver  sulphides,  not  very  abundant.  Both  native  gold  and 
silver  also  occur. 

The  gangue  minerals  are  quartz,  barite,  calcite,  dolomite,  rho- 
dochrosite,  kaolinite,  pyrite,  etc. 

The  ores  were  probably  deposited  by  ascending  waters,  but  their 
exact  source  or  depth  of  origin  is  not  known. 

Metasomatism  of  wall  rocks  differs  in  different  parts  of  the  quad- 
rangle. Thus,  for  example,  in  the  Silver  Lake  Basin,  feldspar  is 
altered  to  sericite,  calcite,  and  quartz ;  augite,  to  calcite  and  chlorite; 
and  biotite,  to  sericite  and  rutile.  Sericite  and  quartz  are  common 
close  to  the  vein.     This  shows  a  propylitic  type  of  alteration. 

Ouray  Quadrangle  (62).  —  The  ore  deposits,  which  may  be  re- 
garded as  an  extension  of  those  of  the  Silverton  quadrangle  area,  are 
all  located  near  the  town  of  Ouray,  and  while  the  district  contains 
but  few  productive  mines,  they  are  of  great  scientific  interest.  A 
few  are  found  in  disturbed  rocks  near  dikes  or  sheets  of  porph3rry, 
but  most  of  them  occur  in  but  slightly  disturbed  formations.  All 
owe  their  existence  to  the  presence  of  fissures,  the  form  of  the  ore 
body  depending,  however,  on  the  openness  of  the  fissure  and  kind 
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of  wall  rock.  The  three  following  types  are  recognized :  (1)  fissure 
veins  of  great  vertical  extent;  (2)  replacements  in  quartzite; 
(3)  replacements  in  limestone.  Where  the  fissures  followed  by  the 
ore-bearing  solutions  were  open,  a  simple,  banded,  filled  vein  was 
formed;  but  where  narrow,  the  solutions  spread  out  laterally  in 
the  wall  rock,  replacing  the  same,  and  the  process  reached  a  maxi- 
mum in  the  more  soluble  beds. 

The  fissures  show  great  vertical  extent,  and  the  characters  of  the 
several  types  are  as  follows  :— 

Fissure  Veins,  —  (a)  This  type,  which  is  the  most  important, 
includes  silver-bearing  veins  in  fissures  of  slight  displacement, 
distributed  from  the  Mancos  shale,  to  the  sandstones  underlying 
the  McElmo  (PL  XLIX).  Ore  more  abundant  and  of  higher  grade 
in  quartzite  walls,  but  may  be  absent  or  of  low  grade  in  shales. 
Tetrahedrite  and  argentiferous  galena,  with  quartz  and  barite, 
gangue  as  common  vein  mineral,  (b)  Gold-bearing  veins,  represent- 
ing a  group  of  mineralized,  highly  inclined,  sheeted  zones  in  dikes 
of  quartz-bearing  monzonite  porphyry.  The  chief  minerals  are 
auriferous  pyrite,  and  chalcopyrite  in  a  gangue  of  country  rock  and 
clay. 

Quartzite  ReplacemenUi.  —  Irregular  bodies  in  the  Dakota  sand- 
stones, with  gold  and  subordmate  silver. 

Limestone  Replacements,  —  Broad  flat  ore  bodies,  adjoining 
fissure  veins,  ot  associated  with  numerous  small  vertical  fissures. 
Silver  predominates  in  some,  with  a  barite,  silica  gangue,  and  gold 
with  a  magnetite  gangue  in  others.  The  former  are  associated 
with  the  fissure  veins  which  penetrate  limestone. 

All  the  deposits  of  the  Ouray  district  appear  to  belong  to  a  single 
period  of  mineralization,  and  are  of  recent  formation,  being  later 
than  the  latest  igneous  intrusions. 

Georgetowny  Colorado  (68). — Clear  Creek  County  (Fig.  209),  in 
which  Georgetown  lies,  is,  next  to  Gilpin  County,  the  oldest  mining 
district  in  Colorado,  if  not  the  entire  Rocky  Mountain  region. 

There  are  a  number  of  mining  camps  in  this  area,  including 
Georgetown,  Idaho  Springs,  Silver  Plume,  Central  City,  etc.,  but 
the  only  area  which  has  been  recently  described  is  that  included  in 
the  Georgetown  quadrangle.  The  conditions  here,  however,  are 
in  a  general  way  similar  to  those  existing  in  other  parts  of  the  dis- 
trict. 

The  earliest  rocks  of  the  district  consist  of  a  series  of  pre-Cambrian 
schists,  the  oldest  ones  (Idaho  Springs  formation)  being  probably 
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of  sedimentary  origin,  but  the  later  ones  metamorphosed  igneous 
rocks. 

This  series  baa  been  successively  injected  by  about  eight  types  of 
plutonic  rocks  ranging  from  ^anites  to  diorites. 

Following  these,  in  late  Cretaceous  or  early  Tertiary,  came  the 
intrusion  of  a  series  of  porphyry  dikes  which  are  as  varied  in  their 
compo^toQ  as  the  plutonics.  These  porphyries  are  of  more  than 
local  interest  because  tbey  form  part  of  a  wide  irregular  zone  that 
extends  in  a  general  nortbeast-southwest  direction  from  Boulder 
to  I^eadville  and  then  on  to  the  San  Juan  re^on  (Fig.  200).  It 
will  thus  be  seen  that  many  important  mining  districts  lie  within  it. 


The  ore-bearing  fissure  veins  (PI.  L)  which  may  occur  in  any  of 
the  older  schistose  rocks  of  the  district,  are  divisible  into  two  groups, 
vii.  argentiferous  blende-galena  ones  with  little  gold,  and  auriferous 
pyrite  veins  with  or  without  silver.  The  former  predominate  in 
the  Georgetown  region,  the  latter  southwest  of  Idaho  Springs,  but 
the  two  types  of  ore  are  occasionally  known  to  occur  in  the  same 
vein.  Both  types  of  veins  are  seen  to  show  a  general  agreement  in 
trend  and  distribution  with  the  porphyry  dikes  (PI.  LI),  and  the  vein 
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formation  is  thought  by  Spurr  not  only  to  have  followed  the  por- 
phyry intrusions,  but  to  show  characteristic  petrographic  associa- 
tions. That  is,  the  silver-galena-blende  veins  are  related  to  dikes 
of  alaskite  porphyry,  granite  porphyry,  quartz-monzonite  porphyry, 
and  dacite ;  the  auriferous  pyrite  veins  with  bostonite,  alaskite, 
quartz  monzonite,  biotite  latite,  and  alkali  syenite. 

The  two  classes  of  veins  show  the  same  primary  minerals  (galena, 
blende,  and  pyrite),  but  the  proportions  of  them  in  each  dififer,  and 
they  have  the  same  bonanzas,  wall  rocks,  and  gangue  minerals 
(mainly  quartz). 

It  is  suggested  by  Spurr  that  the  alteration  of  the  wall  rocks  was 
caused  by  descending  atmospheric  waters,  changing  them  to  mix- 
tures of  quartz,  sericite,  carbonates,  and  kaolin,  and  the  gangue 
minerals  have,  moreover,  come  from  the  walls;  but  while  the  source 
of  the  metals  in  the  silver  veins  is  in  doubt,  Spurr  considers  that  the 
metalliferous  minerals  of  the  gold  veins  were  contributed  by  mag- 
matic  waters. 

Crosby  has  questioned  whether  the  gold  and  silver  veins  represent 
distinct  classes,  and  points  out  that  since  the  former  outcrop  at  low 
levels,  they  may  simply  represent  the  basal  portions  of  silver  veins, 
these  being  known  to  outcrop  only  at  the  higher  points  in  the  dis- 
trict. 

Goldfield,  Nevada  (88,  89).  —  Goldfield  lies  near  the  eastern  bor- 
der of  Esmeralda  County  (Fig.  195),  on  the  southern  rim  of  one 
of  the  typical  desert  basins  of  the  region  which  connects,  through 
a  low  pass  on  the  north,  with  a  still  larger  basin  west  of  Tonopah. 


Fio.  210.  —  Geologic  section  across  the  Goldfield  district.     (After  Ranaome.) 

The  geologic  structure  (Fig.  210)  of  the  district  is  quite  simple, 
consisting  essentially  of  a  low  dome-like  uplift  of  Tertiary  lavas 
and  lake  sediments,  resting  on  a  foundation  of  ancient  granitic  and 
metamorphic  rocks. 

The  kind  of  rocks  in  this  district,  their  age,  and  relationships  are 
shown  in  the  columnar  section  given  by  Ransome  (Fig.  211).  The 
oldest  or  Cambrian  beds  were  intruded  by  alaskite  at  about  the  close 
of  Jurassic  time,  and  there  then  followed  a  long  interval  of  erosion 
before  the  eruption  of  the  Tertiary  lavas.     It  will  be  seen  from  the 
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sectioa  that  the  same  type  of  rock  was  ia  some  cases  erupted  more 
tbaa  once. 

The  ores  of  this  district,  which  are  of  somewhat  complex  character, 
consist  of  native  gold  and  pyrite,  accompanied  by  minerals  con- 
toning  copper,  silver,  antimony,  arsenic,  bismuth,  tellurium,  and 
other  elements. 

The  free  gold  occurs  in  some  of  the  ores,  in  fine  particles,  closely 
crowded  together  and  forming  bands  or  blotches  in  the  flinty 
gangue,  and  is  not       t 

likely  to  be   recog-        !       „^^^^  u^ffy 

nized  as  such  until       ^  ^  g^^,,, 

examined  with  a  lens.  t 
The  conunon  asso-  "j; 
ciated  minerals  are  % 
pyrite,  marcasite, 
bismuthinite,  and 
famatinite  (?).  At 
times  the  rich  ore 
shows  a  curious  con- 
centric crustification, 
consisting  of  frag- 
ments of  silicified, 
alunitized,  and  pyr- 
itized  rock,  covered 
with  shells  of  gold 
and  sulphides. 

The  ore  bodies, 
which  are  noted  for 
their  remarkable 
richness  and  irregu- 
larity {PI.  LII)  are 
closely  related  to 
fissures,  usually  of 
irr^ular  trend,  but  Fia.  2i\.- 
not  representing  fonnatk 
fault  planes. 

The  deposits  (PI.  L  II)  are  defined  as  irr^pjlar  masses  of  altered 
and  mineralized  rock,  traversed  bymultitudes  of  small,  irregular, 
intersecting  fractures,  such  fracturing  passing  in  many  places  into 
brecciation. 

These  irregular  masses  are  termed  ledges  (Fig.  212),  and  within 


Generalized  column&r  sectioa  a(  geological 
]3  at  Goldficid,  Nev.  (After  Ransome.U.  S. 
v..  Prof,  Pap.  66.) 
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them  occur  the  actual  ore  bodies  or  pay  shoots.  Capping  these 
ledges  of  soft  rock  are  craggy  outcrops  (PL  LIII,  Fig.  2)  of  silici- 
fied  and  alunitic  material  which  stand  out  in  relief  on  the  surface 
because  more  resistant  than  the  surrounding  rocks.  The  ores  are 
almost  invariably  associated  with  these,  but  every  siliceous  knob 
is  not  underiain  by  ore. 

The  most  important  ore  bodies  are  found  in  dacite,  but  some  small 
althpugh  rich  ones  are  known  in  the  Milltown  andesite  (Fig.  211). 

The  alteration  of  the  rock  adjoining  the  fissures  is  of  three  types. 
Where  it  is  most  intense  the  rock  has  been  changed  to  porous,  fine- 
grained aggregates  consisting  essentially  of  quartz.  A  second  type 
is  the  change  to  a  soft,  light-colored  mass  of  quartz ;  while  a  third, 
which  is  of  propyUtic  character,  consists  .in  the  development  of 
calcite,  quartz,  chlorite,  epidote,  and  gypsum. 
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Fio.   212.  —  Map   showing  outcrops  of  siliceous  ledges  east  of  Goldfield,  Nev. 
{After  Ransome,  U,  S.  Gaol.  Sure.,  Prof,  Pap.  66.) 

Most  of  the  ore  produced  during  the  first  two  or  three  years  of  the 
camp  was  oxidized  in  character,  but  now  some  of  the  mines  are 
working  in  sulphides. 

Origin,  —  Ransome's  theory  is  that  after  the  dacite  had  solidified, 
but  not  perhaps  entirely  cooled,  the  subjection  of  the  rocks  to 
stresses  of  unknown  origin  developed  a  complicated  system  of 
fractures. 

Hot  waters  carrying  hydrogen  sulphide  with  some  carbon  dioxide 
and  the  metalUc  constituents  of  the  ores  rose  along  these  fissures ; 
oxidation  of  a  part  of  the  hydrogen  sulphide  to  sulphuric  acid 
occurred  in  the  upper  parts  of  the  fissure  zones  or  at  the  surface. 

These  acid  solutions  then  percolated  downward  through  the 
shattered  rocks,  changing  their  feldspars  to  alunite,  mingled  with 
the  rising  solutions,  and  precipitated  most  of  their  metallic  load  as 
ore,  but  the  original  solutions  were  not  everywhere  rich  in  metals. 
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Following  this  the  ledges  were  fractured,  and  a  second  stage  of 
nuDeralizatioB  occurred,  during  which  further  deposition  of  ore 
and  in  some  cases  repeated  precipitation  followed  more  fracturing. 

The  ledges  are  thought  to  have  been  formed  during  the  first  stage 
of  depositJOQ,  and  the  softening  and  alunization  of  the  rock,  as 
well  as  the  propyliUzatioa,  are  believed  to  have  occurred  at  the  same 
time.    Some  good  ore  was  also  deposited  then. 

The  Qoldfield  mining  district  may  be  classed  as  one  of  the  newer  ones 
of  Nevada.  For  some  years  the  total  production  of  the  state  had  been 
small  but  the  discovery  of  Tonopah  in  1900  gave  a  new  impetus  to  the 
search  for  precious  metals  in  this  region,  and  the  finding  of  the  Qoldfield 
deposits  may  be  rightly  reckoned  as  one  of  the  results. 

Comparatively  young  as  this  oamp  is,  its  production  has  none  the  less 
been  remarkable,  the  shipmentB  for  the  first  five  years  being  as  follows :  — 
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Tcmopah,  Nevada  (91).  —  This  district,  although  opened  up  only  in 
1900,  produced  durii^  the  first  three  years  over  $3,000,000  worth  of 
gold.    Tonopah  lies  in  the  arid  desert  region  of  Nevada,  and  contains 
a  series  of  Ter- 
tiary  lavas   and 
tuffs,  the  former 
including     ande- 
sites,  dacites, 
rhyolites,    and 
basalt  (Fig.  213). 
The  earlier  lavi^s 
and     tuffs    have 
been  broken  by  a 
^S-^i^SS-S  SL   S  JS.J^-   complex  series' ot 
^^  ^^  """^  '^^'^HJsS?    faults  which  have 

Fie.  213.  —  Ideal  cron  section  of  rocka  at  Tonopah,  Nev.    qq^      however 
(AfUr  Spurr,   U.  S.  Oeol.  Sun.,  Bull.  225.)  o-     '^    j  ,i         i  j    ' 

'^  affected  the  older 

dacites  and  closely  associated  rhyolite  necks.     Four  periods  of  vein 
formation  have  been  discovered  closely  followii^  periods  of  eruption, 
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and  of  these  only  the  oldest,  namely,  those  found  in  the  earlier 
andesite,  are  available  sources  of  ore.  The  veins  which  have  been 
formed  by  replacement  in  sheeted  zones  and  show  more  or  less 
development  of  ore  shoots,  contain  quartz  with  orthoclase,  and 
iDcloBe  as  metallic  minerals  stephanite  and  probably  polybasite. 
The  values  are  about  two  sevenths  gold  and  five  sevenths 
silver.  Subsequent  to  their  formation  they  have  been  pierced  and 
"covered  by  later  volcanic  rocks,  and  these,  together  with  the  complex 
faultily,  has  produced  most  puzzling  structural  conditions.  The 
Tonopah  ore  deposits  are  analc^us  genetically  to  the  Comstock 
lode  deposits  of  Nevada  (83), 

Comstock  Lode,  Nevada  (83).  —  This  lode,  which  is  of  historic 
interest,  occurs  near  Virginia  City,  in  southwestern  Nevada,  and  ia 
a  great  fissure  vein  (Fig.  214),  about  four  miles  long,  several  hundred 


feet  broad,  and  branching  above,  following  approximately  the  con- 
tact between  eruptive  rocks,  and  dipping  at  an  angle  of  35  to  45 
degrees.  There  is  abundant  evidence  of  faulting,  which  in  the  mid- 
dle portion  of  the  vein  has  amounted  to  3000  feet.  The  lode  is  of 
Tertiary  age,  and  contains  silver  and  gold  minerals  in  a  quartzose 
gangue. 

One  of  the  peculiar  features  of  the  deposit  is  the  extreme  irreg- 
ularity of  the  ore,  which  occurs  in  great  "  lK)nanzas,"  some  of  which 
carried  several  thousand  dollars  to  the  ton.  The  faulting  is  con- 
sidered to  have  been  quite  recent,  and  the  high  temperatures  encoun- 
tered in  the  lower  levels  of  the  mine  indicate  that  there  is  probably 
a  partially  cooled  mass  of  igneous  rock  at  no  great  depth. 


la.  2.  —  Lnltte  outcrop  in  daritc  between  the  Blue  Bell  and  Commonwralth 
mines.  Goldfield.  Nev.  The  conspii-uoue  white  dump  is  alunitie  material. 
The  rough  knob  on  aky  line  near  rijtht  side  of  view  is  Barner  Mountain. 
(.4/((T  Ranaomi;  U.  S.  Grnl.  Sun..  Prof.  Pap.  06.) 


^^0. 


GOLD  AND  SILVER  495 

In  tor-j^&r  years  tke  enormous  output  of  this  mine  caused  Nevada  to 
be  one,  of  the  foremost  silver  producers.  It  was  discovered  as  early  as 
1858^  and  increased  until  1S77,  after  which  it  declined.     Many  serious 

^.i^stacles  were  met  with  in  the  development  of  the  mine,  such  that  it  has 
never  become  a  source  of  much  profit  in  spite  of  its  enormous  output. 
In  1863,  at  a  depth  of  3000  feet,  the  mine  was  flooded  by  water  of  a  tem- 
I)erature  of  170  F.,  due  to  a  break  in  the  clay  wall;  and  to  drain 
it  $2,900,000  were  spent  in  the  construction  of  the  Sutro  tunnel,  which 
was  nearly  four  miles  long,  but  by  the  time  it  was  finished  the  workings 
were  below  its  depth.  A  second  difficulty  was  the  encountering  of  high 
temperatures  in  lower  workings,  those  in  the  drainage  tunnel  mentioned 
being  110**  to  114°  P.     The  mine  is  credited  with  a  total  production  of 

'  $368,000,000.     In  recent  years  its  output  has  been  slowly  increasing  again. 

Other  occurrences  of  the  propylitic  type  are  found  in  Gilpin  and 
Boulder  counties,  Colorado. 

In  Arizona  the  Commonwealth  mine  of  Cochise  County  (36)  is 
probably  referable  to  this  group,  as  is  also  the  Congress  Mine  (34). 

Fissure  veins  associated  with  Tertiary  eruptives  are  found  in 
Owyhee  County,  Idaho,  in  the  Monte  Cristo  district  of  Washington 
(122),  and  the  Bohemia  district  of  Oregon  (102).  The  auriferous 
copper  veins  of  Butte,  Montana,  also  belong  in  this  group,  but  since 
they  are  more  important  as  producers  of  copper,  they  are  described 
under  that  head. 

Auriferous  Gravels  (42,  50,  53).  —  These  form  an  important 
source  of  supply  of  gold,  together  with  a  little  silver,  and,  although 
widely  distributed,  become  prominent  chiefly  in  those  areas  in  which 
auriferous  quartz  veins  are  abundant.  So,  while  they  are  foimd  in 
many  parts  of  the  Cordilleran  region,  in  the  Black  Hills,  and  in  the 
Atlantic  states,  their  greatest  development  is  in  the  Pacific  coast 
belt  from  California  up  to  Alaska. 

These  auriferous  gravels  represent  the  more  resistant  products 
of  weathering,  such  as  quartz  and  native  gold,  which  have  been 
washed  down  from  the  hills  on  whose  slopes  the  gold-bearing  quartz 
veins  outcrop,  and  were  too  coarse  or  heavy  to  be  carried  any  distance, 
unless  the  grade  was  steep.  They  have  consequently  settled  down 
in  the  stream  channels,  the  gold,  on  account  of  its  higher  gravity, 
collecting  usually  in  the  lower  part  of  the  gravel  deposit. 

Although  the  gold-bearing  gravels  have  been  derived  from  veins 
of  varying  age,  the  deposition  of  the  gravel  has  rarely  occurred  in 
pre-Tertiary  times,  and  some,  indeed,  are  of  very  recent  origin. 

The  gold  occurs  in  the  gravels  in  the  form  of  nuggets,  flakes,  or 
dustlike  grains,  the  last  being  usually  hard  to  catch.    The  nuggets 
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represent  the  largest  pieces,  and  the  finding  of  some  very  Vtf^  ones 

has  been  recorded  from  time  to  time  in  different  parts  of  the  V.i^ld. 

Two  large  nuggets  are  recorded  from  Victoria :  one,  the  "  Welcojii 

Stranger,"  weighing  2280  ounces;  and  the  other,  the   "  Welcome 

Nugget,"  weighing  2166  ounces.    Since  the  auriferous  gravels    of 

the  Pacific  coast  belt  are  the  most  important,  they  will  be  specially 

referred  to. 

These  have  been  derived  from  the  wearing  down  of  the  Sierras, 

and  are  found  in  those  valleys  leading  off  the  drainage  from  the 

mountains.     Many  were  formed  during  the  Tertiary  period,  when 

the  Sierras  were  subjected  to  a  long-continued   denudation,  while 

violent  volcanic  outbursts  at  the  close  of  the  Tertiary  have  often 

covered  the  gravels  and  protected  them  from  subsequent  erosion. 

These  lava  cappinga  are  at  times  150  to  200  feet  thick,  as  in  Table 

Mount^n,  Tuolumne  County. 

Many  of  the  gravel  deposits  are  on  lines  of  former  drainage,  while 

others  he  in  channeb  still  occupied  by  streams.     Some  show  but  one 

a  streak  of  gold,  while  in  othera 

there  may  be  several,  some  of 

which  are  on  rock  benches  of 

the  valley  bottom  (Fig.  215). 

During  the  early  days  of  gold 

mining  in  California  the  gravels 

at  lower  levels  and  in  the  valley 

bottoms  were  worked,  but  as 

„ .J       ,.        ,    ,,    these  became  exhausted,  those 

Fia.     2lo.  —  Ueneraliied   section   of   old  ,  .„ 

placer,  with  technicfd  terms,    a.  vol-    farther  Up  the  slopes  or  hUlfl 

canic  cap ;  6,  upper   lead  ;  e,    beoch     were  SOUght. 

Br^llf  "'""'"^''™'"''"  ''^'^""  ®'  Ii»  the  earlier  operations  the 
gravels  were  washed  entirely  by 
hand,  either  with  a  pan  or  rocker,  and  this  plan  is  even  now  followed 
by  small  miners  and  prospectors;  but  mining  on  a  larger  scale  is 
carried  on  by  one  of  three  methods,  viz.  drift  mining,  hydraulic 
mining,  and  dredging. 

Drift  mining  is  employed  in  the  case  of  gravel  deposits  covered 
by  a  lava  cap,  a  tunnel  being  run  in  to  the  paying  portion  of  the 
bed  and  the  auriferous  gravel  carried  out  and  washed. 

In  hydraidic  mining  (PI.  LIV,  Fig.  1),  a  stream  is  directed  against 
the  bank  of  gravel  and  the  whole  washed  down  Into  a  rock  ditch 
lined  with  tree  sections,  or  into  a  wooden  trough  with  crosspieces 
or  riffles  on  the  bottom.     The  gold,  being  heavy,  settles  quickly 


or 


Fig.  2.  ■ —  An  AtaBkun  placer  dcpoait. 
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and  is  caught  in  the  troughs  or  ditches,  while  the  other  materials 
are  carried  off  and  discharged  into  some  neighboring  stream.  Mer- 
cury is  sometimes  put  behind  the  riffles  to  aid  in  catching  the  gold. 

The  water  which  is  used  to  wash  down  the  gravel  deposits  is  often 
brought  a  long  distance,  sometimes  many  miles,  and  at  great  expense, 
bridging  valleys,  passing  through  tunnels,  and  even  crossing  divides, 
this  being  done  to  obtain  a  large  enough  supply  as  well  as  a  sufficient 
head  of  water. 

Owing  to  the  great  amount  of  debris  which  was  swept  down  into 
the  lowlands,  a  protest  was  raised  by  the  farmers  dwelling  there, 
who  clahned  that  their  farms  were  being  ruined ;  and  it  soon  became 
a  question  which  should  survive,  the  farmer  or  the  miner,  for  in 
places  the  gravels  and  sand  from  the  washings  choked  up  streams 
and  accumulated  to  a  depth  of  70  or  80  feet.  The  question  was 
settled  in  1884  in  favor  of  the  farmer  by  an  injunction,  issued  by  the 
United  States  Circuit  Court,  which  caused  many  of  the  hydraulic 
mines  to  suspend  operations ;  and  at  a  later  date  this  was  extended 
by  state  legislation,  adverse  to  the  hydraulic  mining  industry. 
Owing  to  this  setback,  hydraulic  mining  fell  to  a  comparatively 
unimportant  place  in  the  gold-producing  industry  of  California, 
while  at  the  same  time  quartz  mining  increased. 

The  passage  of  the  Caminetti  law  now  permits  hydraulic  mining, 
but  requires  that  a  dam  shall  be  constructed  across  the  stream  to 
catch  the  tailings.  This  resulted  in  a  revival  of  the  industry,  but 
even  so,  the  placer  mining  industry  is  seriously  hindered  by  the 
present  laws  governing  it. 

Dredging  consists  in  taking  the  gravel  from  the  river  with  some 
form  of  dredge.  The  method,  which  was  first  practiced  in  New 
Zealand,  has  been  introduced  with  great  success  into  CaUfomia, 
especially  on  the  Feather  River,  near  Oroville,  and  its  use  has  spread 
to  other  parts  of  the  Cordilleran  region.  The  gravel  when  taken 
from  the  river  is  discharged  on  to  a  screen,  which  separates  the  coarse 
stones,  and  the  finer  particles  pass  over  amalgamated  plates,  tables 
with  riffles,  and  then  over  felt. 

Formerly  much  placer  gold  was  obtained  by  hydraulic  mining, 
but  the  annual  supply  from  this  source  is  slowly  decreasing,  as  is 
that  from  drift  mining,  while  the  returns  of  dredger  gold  have  been 
continually  increasing  since  1900,  being  $200,000  in  that  year  and 
$1,500,000  in  1903.  This  is  due  to  the  fact  that  large  areas  in  Yuba, 
Sutler,  Nevada,  Butte,  and  Sacramento  counties  have  been  found 
adapted  to  dredging  processes,  while  the  improvement  and  enlarge- 

2k 
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ment  of  the  dredging  machines  has  greatly  decreased  the  cost  of 
mining. 

Placer  gold  is  also  worked  in  Idaho,  Montana,  Oregon,  New 
Mexico,  and  Colorado,  all  of  the  deposits  except  those  of  the  last 
two  states  having  been  derived  mostly  from  Mesozoic  veins. 

Gold  also  occurs  in  beach  sand  of  certain  portions  of  the  Pacific 
coast  of  Washington  (119),  and  placer  mining  has  been  carried  on 
since  1894 ;  but  the  supply  of  gold,  which  is  obtained  from  Pleis- 
tocene sands  and  gravels,  is  small* 

In  arid  regions,  where  the  gold-bearing  sands  are  largely  the  prod- 
uct of  disintegration,  and  water  for  washing  out  the  metal  is  want- 
ing, a  system  known  as  dry  blowing  is  sometimes  resorted  to. 

Black  Hills  Region.  —  The  gold-bearing  ores  are  found  chiefly 
in  the  northern  Black  Hills  and  include  (1)  auriferous  schists  in 
pre-Cambrian  rocks ;  (2)  Cambrian  conglomerates ;  (3)  refractory 
siliceous  ores;  (4)  high-grade  siliceous  ores;  and  (5)  placers.  Of 
these  the  first  and  third  are  the  most  important. 

The  surface  placers,  being  the  most  easily  discovered,  were 
developed  first,  followed  by  the  conglomerates  at  the  base  of  the 
Cambrian.*  These  are  found  near  Lead,  occupjdng  depressions  in 
the  old  schist  surface,  and  the  material  is  thought  to  have  been 
derived  from  the  reef  formed  by  the  Homestake  ledge  in  the  Cam- 
brian sea.  These  deposits  are  of  interest  as  being  probably  the 
oldest  gold  placers  known  in  the  United  States.  The  fact,  however, 
that  the  matrix  of  the  gold-bearing  portion  of  the  conglomerate  is 
pyrit?  rather  than  quartz,  and  the  occurrence  of  the  gold  along  frac- 
tures stained  by  iron,  has  led  some  to  believe  that  the  gold  has  been 
precipitated  chemically  by  the  action  of  iron  sulphide  and  is  not  a 
detrital  product. 

Homestake  Belt.  —  The  gold  ores  of  the  Homestake  belt  (109, 
110),  which  belong  to  the  first  type  mentioned  above,  and  are  the 
most  important  in  the  Black  Hills,  occur  in  a  broad  zone  of  impreg- 
nated schists,  containing  many  quartz  lenses,  alternating  with  dikes 
of  fine-grained  rhyolite,  which  also  formed  sheets  in  the  Cambrian 
sediments  overlying  the  schists,  and  now  remain  as  a  resistant  cap 
on  many  of  the  surrounding  ridges  (Fig.  216).  The  ore,  which  is 
all  low  grade,  averaging  S5  to  $6  per  ton,  is  asually  a  mixture  of 
quartz,  pyrite,  and  occasionally  other  minerals  having  no  definite 
connection  with  it,  occupying  a  zone  in  the  Algonkian  rocks  which 
shows  greater  hardness,  irregularity  of  structure,  and  mineralization 

1  These  are  referred  to  as  ccmeat  mines,  owing  to  their  partly  cemented  character. 
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than  the  surrounding  schists.  The  boundaries  are  poorly  defined, 
and  superficial  examination  may  fail  to  distinguish  between  ore  and 
barren  rock.  In  the  upper  levels  the  ore  seems  to  be  with  the  dikes, 
but  diverges  from  them  in  depth,  and  there  is  apparently  no.genetic 
relation  between  the  two.  In  the  earlier  days  the  ore  encountered 
was  oxidized  and  free-miUii^,  but  the  appearance  of  sulphides  with 
depth  has  necessitated  the  introduction  of  the  cyanide  method  of 
extraction.  In  spit*  of  the  low  grade  of  ite  ores  the  Horaestake 
mine,  due  to  proper  management,  stands  out  as  one  of  the  richest 
mines  of  the  world,  its  monthly  production  amounting  to  about 
$300,000  (Curie).  The  ore  was  originally  worked  as  an  open  cut 
(PI.  LV),  but  later  by  undei^round  methods. 


^        IJ^?^ 


Siliceous  Cambrian  Ores  (109,  IH). — Another  important  type 
is  the  refractory  siUceous  Cambrian  ore  found  in  the  region  between 
Yellow  Creek  and  Squaw  Creek,  and  yielding  about  two  thirds  as 
much  gold  as  the  Homestake.  The  deposits,  which  occur  as  replace- 
ments in  a  sihceous  dolomite  (I^lg.  217),  are  found  at  two  horizons, 
one  immediately  overlying  the  basal  Cambrian  quartzite,  and  the 
other  near  the  top  of  the  Cambrian  series.  The  ore  forms  flat 
banded  masses  known  as  shoots,  and  varying  in  width  from  a  few 
inches  to  300  feet.  It  is  overlain  by  shale  or  eruptive  rock,  and  asso- 
ciated with  a  series  of  vertical  fractures,  made  prominent  by  a  slight 
siUcification  of  the  wall  rock.  These  fractures,  which  are  termed 
txriiaUs,  are  supposed  to  have  conducted  the  ore-bearing  solutions. 

The  ore  is  a  hard,  brittle  rock,  composed  of  secondary  silica,  with 
pyrite  and  fluorite,  and  at  times  barite,  wolframite,  stibnite,  an'd 
jarosite.  Its  contents  range  from  $3  or  $4  per  ton  to  in  rare  cases 
JlOO  per  ton,  with  an  average  of  117.  ,  Other,  but  less  important, 
siliceous  ores  occur  in  the  Carboniferous  rocks. 
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Michigan  Region  (7fl)  —  A  small  amount  of  gold  has  been  found 
in  a  quartzose  zone  in  schists,  near  Marquette,  Michigan,  but  the 
area  is  of  tittle  importance. 

Easte/n  Crystalline  Belt  (113).  —  Gold,  with  some  alver,  has 
been  found  in  the  rocks  of  this  belt  from  Vermont  to  Alabama,  bat 
the  depoats  are  of  Uttle  importance  except  in  North  Carolina  (95-97), 
South  Carolina  (106,  107),  Georgia  (69-71),  and  Alabama  (22.  23), 
in  other  words,  in  the  southern  Ap[>alachian  and  Piedmont  region; 


E^    ^M    ESI3   ^H   MM 


but  even  in  this  part  of  the  area  the  deposits  are  not  found  every- 
where, but  are  restricted  to  three  belts  (Becker),  viz. ;  (1)  the 
Geoi^a  belt,  extending  from  Montgomery,  Alabama,  across  northern 
Geoi^a  to  North  Carolina;  (2)  the  South  Mountains  region  of 
■  North  Carolina;  (3)  the  Carolina  belt,  lying  to  the  eastward  of  the 
others,  and  extending  from  South  Carolina  northeastward  through 
Charlotte,  North  Carolina,  and  continued  in  Virginia ;  at  least  the 
Vii^nia  deposits  lie  in  part  in  the  line  of  strike  of  this  zone. 

The  ores  of  the  southern  Appalachian  region  occur  as  auriferous 
pjTite  in  quartz  veins,  as  replacements  in  metamorphic  rocks,  or 
in  placers  derived  from  either  of  the  foregoing  groups.  The  last-- 
named  type  is  practically  exhausted. 

In  the  Carolina  belt  Graton  (106)  states  that  the  quartz  veins 
with  more  or  less  pyrite  occur  in  dense  metamorphic  rocks,  and  most 
commonly  in  amphibole  or  gabbro  closely  related  to  it,  and  formed 
by  the  filling  of  fracture  spaces.     The  veins,  which  are  irregular 
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and  have  a  steep  dip,  conform  usually  somewhat  closely  to  the  strike 
and  dip  of  the  inclosing  rocks. 

Similar  occurrences  are  found  in  the  other  belts  of  the  southern 
Appalachians,  and  some,  as  those  at  Gold  Hill,  North  Carolina, 
have  shown  copper  with  depth,  so  that  they  are  now  worked  for 
both  metals. 

The  replacement  type,  which  is  important  in  the  Carolina  belt,  is 
less  common  but  more  productive  than  the  preceding,  and  with  one 
or  two  exceptions  is  found  in  volcanic  rocks,  mostly  tuffs.  The 
porous  nature  and  easily  alterable  character  of  these,  especially  the 
tufifs,  has  allowed  widespread  penetration  and  replacement  by  the 
ore  solutions,  which  deposited  chiefly  silica  and  pyrite. 

The  ore  bodies  are  usually  large,  and  range  from  40  or  50  to  hun- 
dreds of  feet  in  length,  and  20  to  several  hundred  feet  in  width;  but 
their  outline  is  rudely  lenticular. 

At  the  Haile  Mine  in  South  Carolina,  which  belongs  to  this  type, 
the  country  rock  is  a  quartz-sericite  schist,  which  has  been  derived 
by  foliation  from  a  porphyry  tufif  which  had  an  original  well-bedded 
structure  that  is  still  presefved  in  some  cases.  The  siUcification 
appears  to  correspond  in  intensity  with  the  amount  of  foliation, 
although  in  cases  of  extreme  silicification  all  traces  of  former  struc- 
tiu^e  have  been  quite  destroyed,  and  the  rock  is  simply  a  massive 
siliceous  homstone.     Several  dikes  of  diabase  cut  the  schist. 

The  ore  consists  of  large  lenses  of  altered  tuff,  which  have  been 
silicified  and  pjrritized,  the  two  processes  having  gone  on  at  the  same 
time,  so  that  the  rock  now  consists  of  a  fine-grained  aggregate  of 
quartz  and  pyrite  with  scattered  fibers  of  sericite.  The  replace- 
ment is  not  uniform.  The  gold  occurs  (1)  mainly  as  native  gold 
originally  deposited,  (2)  free  gold  derived  from  oxidation  of  the 
inclosing  pyrite,  and  (3)  gold  in  pjrrite. 

This  mine,  which  has  been  worked  more  or  less  continuously  since 
about  1830,  has  been  one  of  the  most  important  producers  in  the 
southern  Appalachian  region. 

Alaska  (24).  —  Although  gold  has  been  known  to  occur  in  .Alaska 
since  the  early  part  of  the  century,  and  was  even  worked  in  1860, 
its  production  is  not  definitely  stated  until  1880,  when  it  was  added 
to  the  list  of  gold-producing  regions,  with  an  output  of  $6000,  which 
since  that  time  has  increased  many  times  over,  but  not  steadily, 
until  in  1903  it  amounted  to  $8,283,400,  reached  a  maximum  of 
$22,036,794  in   1906,  and  had  dropped  to  $19,292,818  in  1908. 

The  first  gold  was  discovered  on  the  islands  of  the  Alexander 
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Archipelago  and  along  the  adjoining  coast,  but  subsequently  pros- 
pectors found  their  way  into  the  interior,  the  first  strikes  there  being 
made  in  British  Columbia  near  the  head  of  the  Stikine  River.  These 
were  followed  by  discoveries  in  the  Yukon  Valley,  especially  along 
some  of  the  tributaries  known  as  Birch  Creek,  Mission  Creek,  and 
Forty  Mile  Creek.  In  1896  still  richer  discoveries  were  made  along 
the  Klondike  River,  and  within  one  year  the  yield  of  this  region  had 
exceeded  the  purchase  price  of  Alaska.  Other  discoveries  have 
since  followed  rapidly. 


URMAY  *  ca,  a.  V. 


Fig.  218.  —  Map  showing  mineral  deposits  of  Alaska.     {After  Brooks,  U.  8.  GeoL 

Sun.,  BuU.  250.) 


At  the  present  time  approximately  80  per  cent  of  the  value  of  the 
gold  produced  in  Alaska  is  obtained  from  placers,  16  per  cent  from 
quartz  ores,  and  2  per  cent  from  copper  ores. 

Auriferous  Lodes  (32).  —  The  gold  quartz  lodes,  which  are  most 
prominent  along  the  coast  (Fig.  218),  were  first  discovered  near 
Sitka  in  1897,  but  the  first  important  production  came  from  the 
Treadwell  mine  on  Douglas  Island  southeast  of  Juneau  (32)  in  1882. 

The  geology  of  this  region  bears  in  many  ways  a  strong  resem- 
blance to  the  California  gold  belt,  and  is  probably  of  similar  age. 
The  section  involves  a  series  of  steeply  dipping  slates  and  greenstone 
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and  diorite  dikes.  The  ore  bodies  (Figs.  210,  220)  are  dikes  of 
albite-diorite,  penneated  with  metallic  sulphides  and  carrying  small 
amounts  of  gold,  with  a  hanging  wall  of  greenstone  and  a  foot  wall 
of  black  slat«.    The  veinlets,  which  are  tiiought  to  have  been  formed 


{After  spencer,  U.  S.  Oeol. 

by  shearing  stresses  incident  to  epeirogenic  movements,  occur  in 
two  sets  of  fractures  at  right  angles  to  each  other,  Spencer  believes 
that  the  mineralization  has  been  caused  by  hot  ascending  solutions 
of  magmatic  origin.  Secondary  concentratjon  is  not  in  evidence, 
and  it  is  thought  that  the  depth  to  which  the  ores  can  be  worked  will 


depend  more  on  the  increased  cost  of  mining  at  great  depths  than 
on  exhaustion  of  the  ore.  At  present  an  almost  continuous  ore  body 
has  been  developed  for  3500  feet. 

Placer  DeposUa.  —  The  placer  deposits  have  been  found  in  many 
parts  of  Alaska,  but  the  two  r^ons  which  have  yielded  the  largest 
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amount  are  the  Yukon  region  (33)  and  the  Seward  Peninsula  (24, 
30),  the  latter  being  now  the  first. 

Gold  was  discovered  in  the  Forty  Mile  district  of  the  Yukon  in 
1886,  and  caused  a  stampede  for  this  region ;  but  the  deposits  of  the 
Klondike  did  not  become  known  until  1896,  and  their  discovery 
was  followed  by  a  rush  of  gold  seekers  that  eclipsed  aU  previous  ones. 
Indeed,  it  is  said  that  by  1898  over  40,000  people  were  camped  out 
in  the  vicinity  of  the  present  site  of  Dawson. 

The  Klondike  region  proper  is  situated  on  the  eastern  side  of  the 
Yukon  River,  and  the  richer  deposits  found  have  been  on  the  Canadian 
side  of  the  boimdary.  The  gold  has  collected  either  at  the  bottom 
of  the  gravel  in  the  smaller  streams  tributary  to  the  Yukon,  or 
else  in  gravels  on  the  valley  sides,  this  latter  occurrence  being  known 
as  bench  gravel.  The  metal  is  supposed  to  have  been  derived  from 
the  quartz  veins  found  in  the  Birch  Creek,  Forty  Mile,  and  Rampart 
series  of  metamorphic  rocks  lying  to  the  east.  Up  to  the  end  of 
1902  the  total  production  of  the  Klondike  is  stated  to  have  been 
$80,000,000.  The  annual  output  has,  however,  decreased,  and 
mining  in  that  region  has  settled  down  to  a  more  permanent  basis. 
Gravels  rimning  under  50  cents  per  cubic  yard  cannot  be  worked 
at  a  profit,  even  by  dredging,  because  the  difficulties  and  expenses 
of  mining  in  such  a  region  are  great,  and  form  an  interesting  com- 
parison with  conditions  in  California,  where  gravel  carrjdng  25 
cents  per  yard  is  considered  good,  while  that  running  as  low  as  5 
cents  per  yard  can  be  wo  ked  as  a  dredge  proposition  (26).^ 

Since  the  discovery  of  the  rich  gold  gravels  on  the  Yukon,  aurif- 
erous gravels  have  been  developed  in  many  other  parts  of  Alaska, 
where  they  are  being  more  or  less  actively  worked  (Fig.  218),  but 
of  these  various  finds  those  in  the  Seward  Peninsula,  which  is  now 
the  largest  producer,  have  been  the  most  important. 

The  first  of  the  localities  discovered  in  the  last-mentioned  region 
was  Cape  Nome  (30, 31),  which  for  a  time  proved  to  be  a  second  Klon- 
dike. The  gold  was  discovered  here  on  Anvil  Creek,  and  the  follow- 
ing year  in  the  beach  sands  where  Nome  now  stands.  These  discov- 
eries caused  another  northward  stampede,  which  resulted  in  the 
rapid  exhaustion  of  the  beach  sands ;  but  other  deposits  were  found 
farther  inland  near  Nome,  as  well  as  the  other  localities  on  the  Seward 
Peninsula.  Some  quartz  veins  are  also  worked.  Ophir  Creek  is 
now  the  largest  producer  on  the  Seward  Peninsula.  Up  to  the  end 
of  1908  the  Seward  Peninsula  had  produced  $49,362,700  in  gold,  and 

^  See  also  U.  S.  Geol.  Surv.,  Bull.  263. 
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in  1908  its  production  is  given  as  $5,100,000,  which  is  a  slight  falling 
oflf  from  1907.  In  the  Fairbanks  district  (29),  which  is  the  other 
important  placer  area,  and  lies  in  central  Alaska  (Fig.  218), 
there  is  a  remarkable  accumulation  of  imconsolidated  material 
overlying  the  bed  rock,  which  seems  to  have  been  deposited  in 
an  area  where  glaciation  was  absent,  but  fluviatile  conditions 
predominated. 

An  interesting  feature  of  these  deposits  is  their  remarkable  thick- 
ness, and  their  depth  of  consolidation  by  ice,  over  300  feet,  as 
revealed  by  mining  operations.  The  unconsolidated  material  includes 
slide  rock,  muck,  sand,  silt,  clay,  barren  gravels,  and  the  gravels  in 
which  the  gold  is  found.  These  productive  gravels,  so  far  as  dis- 
covered, are  a  thin  layer  next  to  bed  rock,  and  the  value  of  the 
gold  recovered  ranges  from  less  than  $1  to  $8  or  more  per  square 
foot  of  bed  rock  surface. 

The  total  length  of  groimd  over  which  productive  areas  are 
scattered  is  about  75  miles. 

Uses  of  Gold.  —  Gold  is  chiefly  used  for  coinage,  ornaments,  and 
ornamental  utensils.  It  is  also  employed  to  a  considerable  extent 
in  dentistry  and  in  an  alloy  for  the  better  class  of  gilding. 

Its  value  for  use  in  the  arts  depends  on  its  brightness,  freedom, 
from  tarnish,  and  its  ductility  and  malleability,  which  permit  it  to 
be  easily  worked.  As  purp  24-carat  gold  is  too  soft  for  use,  it  is 
alloyed  with  a  small  amount  of  some  other  metal,  such  as  copper, 
to  gain  hardness. 

Uses  of  Silver.  —  This  metal  was  formerly  of  much  importance 
for  coinage,  but  is  much  less  so  now.  It  is,  however,  widely  em- 
ployed in  the  arts  for  making  jewelry  and  utensils  such  as 
tableware.  Its  salts  are  of  more  or  less  value  in  medicine  and 
in  photography.  Its  brightness  and  white  color  are  valuable 
properties  when  the  metal  is  used,  but,  unlike  gold,  it  tarnishes 
somewhat  readily  when  exposed  to  sulphurous  gases.  There  are 
a  number  of  alloys  of  silver,  those  with  gold  and  copper,  respectively, 
being  of  importance. 

Production  of  Gold  and  Silver.  —  The  total  production  of  gold 
and  silver  for  the  United  States  is  given  in  the  chart.  Fig.  221, 
while  the  production  of  gold  in  the  more  important  states  is  shown 
in  Fig.  222,  in  which  the  overwhelming  importance  of  Alaska,  Cali- 
fornia, Colorado,  and  Nevada  is  well  brought  out. 


100 


o 

00 
00 


00 
00 


o 

ID 

a> 

o> 

00 

00 

s 


lO 

o 


o 


Fio.  221.  —  Chart  showing  quantity  and  value  of  gold  and  silver  produced  in  the 
United  States  from  1880  to  1909.     ((/.  S.  Geol.  Surv.,  and  Eng,  and  Min,  Jour,) 
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The  production  for  1908  is  given  below:  — 

Approximate  Distribxttion  bt  Producixo  States  and  Territories 
OF  THE  Product  of  Gold  and  Silver  in  the  United  States  for 

1908  IN  Fine  Ounces 


■ 

Gold 

SlLTSB 

Statb  OB  Tbbbitort 

Quantity 

Value 

Quantity 

Commercial  Value 

Alabama  .     .     . 

1,993 

$41,200' 

400 

$200 

Alaska      .    .     . 

960.669 

19,858,800 

204,600 

109,400 

Arizona    .     .     . 

120,937 

2,500,000 

2,900,000 

1,551,200 

California     .     . 

935.074 

19,329,700 

1,703,700 

911,300 

Colorado  .     .     . 

1,106.385 

22,871,000 

10,150,200 

5,429,400 

Georgia    .     .    . 

2,719 

56,200 

200 

100 

Idaho  .... 

69,829 

1,443,500 

7,558,300 

4,042,900 

Illinois     .    .     . 

2,000 

1,100 

Michigan .     .    . 

294,100 

157.300 

Missouri  .     .     . 

49,400 

26,400 

Montana .     .     . 

152,865 

3,160,000 

10,356,200 

5,539,500 

Nevada    .     .    . 

665,475 

11,689,400 

9,508,500 

5,086,100 

New  Hampshire 

179 

3,700 

6,300 

3,400 

New  Mexico     . 

14,817 

306,300 

400,900 

214,500 

North  Carolina 

4,716 

97,500 

1,300 

700 

Oregon     .    .    . 

43,823 

905,900 

56,100 

30,000 

Philippine  Is- 

lands   .     .    . 

13,763 

284,500 

1,300 

700 

Porto  Rico    .     . 

29 

600 

South  Carolina 

2,598 

53,700 

200 

100 

South  Dakota  . 

374,529 

7,742,200 

197,300 

105,500 

Tennessee     .     . 

179 

3,700 

60,900 

32,600 

Texas  .... 

24 

500 

447,000 

239,100 

Utah    .... 

190,922 

3,946,700 

8,451,300 

4,520,600 

Virginia    .     .     . 

174 

3,600 

300 

200 

Washington  .     . 

12,273 

253,700 

86,800 

46,400 

Wyoming      .     . 

368 

7,600 

3,500 

1,900 

4,574,340 

$94,560,000 

52,440,800 

$28,050,600 

The  basis  for  this  table  is  data  collected  by  the  Bureau  of  the  Mint 
of  bullion  deposits  in  the  United  States  mints  and  assay  offices  and  state- 
ments from  the  smelting  and  refining  establishments.  The  table  is  derived 
from  three  items :  (1)  the  unrefined  domestic  gold  and  silver  deposited 
in  the  United  States  mints  and  assay  offices ;  (2)  the  domestic  gold  and 
silver  in  fine  bars  reported  by  the  private  refineries ;  (3)  the  unrefined 

>  Gold  value,  $20.671834625323  per  fine  ounce.     Average  oommeroial  nlver  value.  fi3  cents 
per  fine  ounce. 


IQ.  222.  —  Cbtut  BhowiuB  productioa  of  KOld  of  the  United  States,  ftQd  of  the 
principal  states  and  territories,  from  IS85  to  1908.      (U.  3.  Qeol.  Surv.) 
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domestic  gold  and  silver  oontained  in  ores,  copper  matte,  etc.,  exported 
for  reduction.     The  last  is  an  item  of  small  relative  importance. 

In  addition,  gold  and  silver  were  produced  in  the  smelters  and  re- 
fineries of  the  United  States  from  foreign  ore,  matte,  and  unrefined  bullion 
as  follows:  gold,  892,138  fine  ounces,  or  $18,442,100;  silver,  65,107,220 
fine  ounces,  or  $34,506,800. 

The  Mint  Bureau  does  not  further  subdivide  these  figures.  The 
foreign  gold  and  silver  were  derived  from  Mexico,  Canada,  nearly  all 
South  American  and  Central  American  countries,  Korea,  and  Japan; 
minor  amounts  were  received  from  other  sources.  Of  the  gold,  probably 
about  $9,000,000  was  derived  from  Mexico,  and  about  $8,000,000  from 
Canada.  Of  the  silver,  about  45,000,000  fine  ounces  came  from  Mexico, 
and  about  16,000,000  ounces  were  derived  from  Canada. 

Several  years  ago  Mr.  lindgren  began  the  classification  of 
the  figures  of  gold  and  silver  production  according  to  the  kind 
of  ores  from  which  they  are  derived.  The  figures  for  1908  are 
given  on  the  following  pages  apd  indicate  that  the  Tertiary  quartz 
veins  yield  the  largest  amount  of  gold,  and  also  now  the  greatest 
amount  of  silver. 

World's  Production, — The  chart,  Fig.  223,  shows  graphically  the 
output  of  the  principal  countries,  but  it  may  be  of  interest  to  give 
additional  details  in  the  following  tables:  — 

Gold  Production  op  the  World,  from  1890  -to  1909  * 


1890 

1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 


$118,848,700 
130.650,000 
146.292,000 
158,437,551 
182,509.283 
198.995,741 
211,242.081 
237.833.984 
287,327,833 
311,505,947 


$258,829,703 
260.877.429 
298.812.493 
329,475.401 
349,088.293 
378,411,054 
405.551.022 
411.294.458 
443.434.527 
457.567.280 


Gold  Production  op  the  World  in  1908  and  1909  by  Countries  * 


1908 

1909 

Transvaal 

$145,819,016 

94,560,000 

73,314,671 

30,944,561 

24,518,548 

12,276.394 

10,424,067 

9,559.274 

10,618,850 

5,773,644 

1,136.850 

24.488.752 

$151,900,000 

United  States 

96,500,000 

Australia 

71,980,780 

Russia 

34,160,000 

Mexico 

26,000,000 

Rhodesia 

12.605.000 

British  India 

10.566,500 

Canada      

10,750.000 

China,  Japan.  Korea 

West  Africa 

11.000.000 
4,625.000 

Madagascar 

2.480.000 

Other  countries  . 

25.000,000 

Total 

$443,434,527 

$457,567,280 

>  Figures  from  Eng.  and  Min.  Jour. 
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Gold  and  Silver  Reserves.  —  lindgren  has  pointed  out  (13)  that  the 
gold  reserves  of  the  United  States  are  large,  but  that  it  is  difficult  to  esti- 
mate them  with  any  degree  of  exactness,  a  rough  estimate  even  being 
possible  only  in  the  case  of  placers,  which  are  found  chiefly  in  California 
and  Alaska.  These  are  estimated  to  contain  i)erhaps  $1,000,000,000  of 
gold  in  reserve,  and  the  output  from  this  source  will  probably  not  decrease 
for  some  time.  The  gold  derived  from  copper  ores  is  not  large 
($4,800,000  in  1908),  but  is  a  stable  and  increasing  quantity,  likely  to 
last  for  25  years  at  least.  That  derived  from  lead  ores  is  much  less,  and 
a  slow  decrease  may  be  expected. 

The  quartzose  ores  form  an  important  source,  likely  to  continue  active 
and  strong  producers.  The  United  States  gold  production  is  not  likely 
to  rise  above  $110,000,000,  nor  is  it  likely  to  sink  below  $60,000,000  for 
a  long  time.  Owing  to  th^  low  price  of  silver,  a  number  of  mines  produc- 
ing ore  of  this  metal  have  shut  down,  but  the  increasing  amount  supplied 
as  a  by-product  from  lead  and  copper  ores  has  kept  the  output  steady. 
The  present  supply  is  regarded  as  assured  as  long  as  the  mining  of  lead 
and  copper  ores,  as  well  as  quartzose  gold  ores,  continues  on  the  present 
scale. 
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Nat.  Hist.  Surv.,  XXIII :  36,  1895.  (Rainy  Lake  district.) 
78.  Emmons,  U.  S.  Geol.  Surv.,  Bull.  340 :  96,  1908.  (Little  Rocky 
Mountains.)  —  Montana :  79.  Lindgren,  U.  S.  Geol.  Surv.,  Bull. 
213  :  66,  1903.  (Bitter  Root  and  Clearwater  Mts.)  80.  Weed,  U.  S. 
Geol.  Surv.,  Bull.  213 :  88,  1903.  (Marysville.)  81.  Weed  and 
Barrel!,  U.  S.  Geol.  Surv.,  22d  Ann.  Rept.,  II :  399,  1902.  (Elkhom 
district.)  82.  Weed  and  Pirsson,  U.  S.  Geol.  Surv.,  18th  Ann.  Rept., 
Ill :  589.  1898.  (Judith  Mts.)  —  Nevada  :  83.  Becker,  U.  S.  GeoL 
Surv.,  Mon.  Ill,  1882.  (Comstock  Lode.)  84.  Emmons,  U.  S. 
Geol.  Surv.,  Bull.  408,  1910.     (Elks,  Lander,  and  Eureka  counties.) 

85.  Garrey  and  Emmons,  U.  S.  Geol.  Surv.,  Bull.  303.     (Manhattan.) 

86.  Lord,  U.  S.  Geol.  Surv.,  Mon.  IV,  1883.     (Comstock  mining.) 

87.  Ransome,  U.  S.  Geol.  Sm-v^.,  Bull.  303.  (Bullfrog.)  88.  Ran- 
some, U.  S.  Geol.  Surv.,  Prof.  Pap.  66,  1909.  (Goldfield.)  89.  Ran- 
some, Econ.  Geol.,  11 :  667,  1907.  (Alunite  m  Goldfield  district.) 
90.  Spurr,  Amer.  Inst.  Min.  Engrs.,  Trans.  XXXVI :  372,  1906. 
(Genetic  relations  western  Nevada  ores.)  91.  Spurr,  U.  S.  Geol. 
Surv.,  Prof.  Pap.  42,  1905.  (Tonopah.)  92.  Spurr,  U.  S.  Geol. 
Sur^.,  Prof.  Pap.  55,  1906.  (Silver  Peak  quadrangle.)  93.  See  also 
annual  reports  of  Director  of  Mint.  —  New  England  :  94.  Smith, 
U.  S.  Geol.  Surv.,  Bull.  225  :  81,  1904.  (Me.  and  Vt.)  95.  Graton, 
U.  S.  Geol.  Surv.,  Bull.  293.  —  North  Carolina  :  96.  Laney,  N.  Ca. 
Geol.  Surv.,  Econ.  Pap.  16  :  20,  1908.  (Gold  Hill  district.)  97.  Nitze 
and  Hanna,  N.  Ca.  Geol.  Surv.,  BuUs.  3  and  10.  —  New  Mexico: 
98.  Anderson,  Eng.  and  Min.  Jour.,  LXIV :  276,  1897.  (MogoUon 
Range.)  99.  Keyes,  Amer.  Inst.  Min.  Engrs.,  Trans.,  XXXIX  :  139, 
1909.  (Lake  Valley.)  100.  Lindgren  and  Graton,  U.  S.  Geol.  Surv., 
Bull.  285 :  74,   1906.      (Reconnaissance  N.  Mex.  mineral  deposits.) 

—  Oklahoma  :  101.  Bain,  U.  S.  Geol.  Surv.,  Bull.  225 :  120,  1904. 
(WichitA  Mts.)  —  Oregon  :  102.  Diller,  U.  S.  Geol.  Surv.,  20th  Ann. 
Rept.,  Ill :  7,  1900.  (Bohemia  district.)  103.  Kimball,  Eng.  and 
Min.  Jour.,  LXXIII :  889.  1902.  (Bohemia  district.)  104.  lind- 
gren, U.  S.  Geol.  Surv.,  22d  Ann.  Rept.,  II :  551,  1901.      (Blue  Mts.) 
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105.  See  also  Bulletin  on  Oregon  Mineral  Resources  issued  by  Uni- 
versity of  Oregon.  —  South  Carolina  :  106.  Graton,  U.  S.  Geol.  Surv., 
Bull.  293,  1909.  107.  Thies  and  Mezger,  Amer.  Inst.  Min.  Engrs., 
Trans.  XIX  :  595,  1891.  (Haile  Mine.)  See  also  No.  113.  —  South 
Dakota :  108.  Carpenter,  Amer.  Inst.  Min.  Engrs.,  Trans.  XVII : 
570,  1889*  109.  Irving.  U.  S.  Geol.  Surv.,  BuD.  225 :  123,  1904, 
and    U.  S.  Geol.   Surv.,  Prof.  Pap.  26,   1904.     (N.  Black    Hills.) 

110.  O'Harra,  S.  Dak.  Geol.  Surv.,  Bull.  3,  1902.     (Black  Hills.) 

111.  Smith,  Amer.  Inst.  Min.  Engrs.,  Trans.  XXVI :  485,  1897. 
(Cambrian  ores.)  —  United  States  :  112.  lindgren,  Amer.  Inst.  Min. 
Engrs.,  Trans.  XXXIII :  790,  1903.  (N.  Amer.  production  and 
geology.)  113.  Nitze  and  Wilkens,  Amer.  Inst.  Min.  Engrs.,  Trans. 
XXV  :  661,  1896.  (Appalachians.)  114.  Ransome,  Min.  Mag.,  X: 
7,  1904.  See  also  annual  reports  on  Precious  Metals,  issued  by  Di- 
rector of  Mint,  the  Mineral  Resources  issued  by  U.  S.  Geol.  Survey, 
the  Mineral  Industry,  and  Census  Report  on  Mines  and  Quarries, 

1902.  115.  Emmons,  Amer.  Inst.  Min.  Engrs.,  XXXI :  658,  1902. 
(Horn  Silver  and  Delamar  mines.)  116.  Hill,  Col.  Sci.  Soc,  Proc. 
V:54,  1898.  (Camp  Floyd  district.)  —  Utah :  117.  Spurr,  U.  S. 
Geol.  Surv.,  16th  Ann.  Rept.,  II :  343,  1895.  (Mercur.)  See  also 
annual  reports  of  Director  of  Mint,  all  of  which  contain  much  general 
information,  partly  of  statistical  character;  also  references  under 
Silver-Lead.  118.  Warren,  Eng.  and  Min.  Jour.,  LXVIII :  455, 1899. 
(Daly-West  Mine.)  —  Vermont :  See  New  England.  —  Washington : 
119.  Arnold,  U.  S.  Geol.  Surv.,  BuD.  260 :  154,  1905.  (Beach 
placers.)  120.  Smith,  Eng.  and  Min.  Jour.,  LXXIII :  379,  1902. 
(Mt.  Baker  district.)      121.   Smith,  U.  S.  Geol.  Surv.,  Bull.  213  :  76, 

1903.  (Central  Washington.)  122.  Spurr,  U.  S.  Geol.  Surv., 
22d    Ann.    Rept.,    11:777,    1901.      (Monte    Cristo.)  —  Wyoming: 

123.  Beeler,    Min.    Wld.,    Dec.    26,    1908.     (South    Pass   district.) 

124.  Knight,  Wyo.  Univ.  Sch.  of  M.  BuD.,  1901.  (Sweetwater  dis- 
trict, Fremont  County.)  125.  Schultz,  U.  S.  Geol.  Surv.,  BuD.  315. 
(Cent.  Uinta  County.) 


CHAPTER  XX 

MINOR   METALS 

ALUMINUM  —  MANGANESE  —  MERCURY 

ALUMINUM 

Ores.  —  This  is  one  of  the  few  metals  whose  ores  do  not  present 
a  metallic  appearance.  Many  different  minerals  contain  aluminum^ 
but  it  can  be  profitably  extracted  from  only  a  few.  Common  clay, 
for  example,  presents  an  inexhaustible  supply,  but  the  chemical 
combination  of  the  aluminum  in  it  is  such  that  its  extraction  up  to 
the  present  time  has  not  been  found  practicable. 

The  ore  minerals  of  aluminum,  together  with  the  percentage  of 
the  metal  which  they  contain,  are :  Corundumy  AI2O3  (53.3  per  cent)  ; 
Cryolite^  AlFg,  3  NaF  (12.8  per  cent) ;  Bauxite,  AI2O8,  2  H2O  (39.13 
per  cent) ;  GiJtbsite,  AI2O8,  3  H2O  (34.6  per  cent).  Of  these,  corun- 
dum is  too  valuable  as  an  abrasive,  and  is  not  found  in  sufficient 
quantity  to  permit  its  use  as  an  ore  of  aluminum.  Until  the  dis- 
covery of  bauxite,  cryolite  was  the  chief  source  of  the  metal,  all  of 
it  being  obtained  from  Greenland  (10). 

Bauxite  derives  its  name  from  Baux  in  southern  France,  where 
it  was  first  discovered,  but  in  recent  years  large  deposits  have  been 
found  in  the  United  States.  It  is  usually  pisolitic  in  structure,  and 
may  sometimes  resemble  clay  in  appearance.  The  conmion  impur- 
ities are  silica,  iron  oxide,  and  titanic  acid ;  and  the  variation  in  the 
amount  of  these  ingredients  can  be  seen  from  the  following  analyses 
(page  517)  of  both  domestic  and  foreign  occurrences. 

Distribution  of  Bauxite  in  the  United  States.  —  Bauxite  in  com* 
mercial  quantity  is  known  to  occur  in  but  five  districts  in  the  United 
States.  These  are  the  Georgia-Alabama  district,  the  Arkansas  dis- 
trict, Wilkinson  County,  Georgia,  near  Chattanooga,  Tennessee, 
and  a  small  area  in  southwestern  New  Mexico. 

GeorgiorAlabama  (5,  8,  9).  —  The  bauxite  deposits  of  these  two 
states  form  a  belt  about  60  miles  long,  extending  from  Jacksonville, 
Alabama,  to  Cartersville,  Georgia  (Fig.  224).     The  ore,  which  is 
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Analibba  of  Bauxite 


i 

2 

8 

4 

5 

6 

7 

8 

Alumina  (Alrf).)  . 
Ferric  oxide  (FeiO.) 
Silica  (SiOj)  .  .  . 
Lime        carbonate 

(CaCO»)  .  .  . 
Titanic  acid  (TiO.) 
Water  (HiO)  .  . 
Moisture  .  ,  .  . 
Alkalies 

(NajO,  Krf))  .     . 

57.60 
25.30 
2.80 

.40 
3.10 
10.80 

61.80 
1.96 
6.01 

27!82 

63.16 
23.55 
4.15 

8.34 
.79 

59.22 
3.16 
3.30 

3.62 
28.80 
I.flO 

61,00 
2.20 
2.10 

_ 

31.58 
3.12 

62.05 
1.66 
2.00 

30.31 
3.50 

62.46 
.81 
4.72 

31.03 

39.92 
16.84 
20.00 

r47 

19.52 
1.25 

1.  Baux,  France.  2.  Olenravd,  Ireland.  3.  Wochein,  Oermany.  4. 
Georgia.  5.  Rock  Run,  Alabama.  6.  Arkansas.  7  and  8.  Wilkinson 
County,  Oeoigia. 

It  ahould  be  stated  that  all  of  these,  except  Nob.  3  and  8,  represent  good 
grades  of  ore,  but  that  within  any  one  district,  or  even  in  the  same  deposit, 
there  may  be  considerable  variation  in  composition. 


either  plsolttic  or  claylike  in  its  character,  fonns  pockets  or  lenses 
of  variable  diameter  and  depth,  in  the  residual  clay  derived  from  the 
Knox  dolomite  (Fig.  225  and  PI.  I.VI).    A  pronounced  feature  is 
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their  occurrence  close  to  900  feet  above  sea  level,  few  being  found 
above  950  feet  or  below  850  (5). 

The  bauxite  is  believed  by  Hayes  (5)  to  be  a  hotnspring  deposit. 
It  is  underlain  by  the  Knox  dolomite,  and  this  in  turn  by  the  Con- 
nasauga  shales,  which  are  several  thousand  feet  in  thickness,  and 
contain  from  15  to  20  per  cent  of  alumina  and  also  p^iite.  The 
region  is  one  of  marked  faulting.  Alteration  of  the  pyrite  by- 
percolating  meteoric  waters   has   yielded    sulphuric  acid,  which 


Fio.  225.  —  Section  of  bauxite  deposit,  (a)  Residual  mantle ;  (b)  Red  sandy 
clay  soil ;  (c)  Pisolitic  ore ;  (d)  Bauxite  with  clay ;  (e)  Clay  with  bauxite ;  (/) 
Talus  ;  {g)  Mottled  clay  ;  {h)  Drainage  ditch.     {After  Hayes.) 

attacked  the  alumina  of  the  shale,  with  the  formation  of  alum  and 
also  ferrous  sulphate.  Both  of  these  have  been  carried  toward  the 
surface  by  spring  waters,  but  since  they  had  to  pass  through  the 
higher-lying  limestones,  the  lime  carbonate  acted  on  the  dissolved 
alum  according  to  the  following  equation : '  — 

Al2(S04)8  H-  3  CaCOs  =  AljOs  +  3  CaSO*  +  3  COj. 

The  alumina  thus  formed  was  a  light,  gelatinous  precipitate,  which 
was  carried  upward  int^  spring  basins  on  the  surface,  where  it  finally 
settled.  The  pisolitic  structure  is  thought  to  have  been  caused  by 
the  balling  together  of  the  gelatinous  m^s  by  currents. 

The  Georgiar-Alabama  deposits,  which  represent  a  unique  type 
of  occurrence,  were  discovered  in  1887,  and  have  been  worked 
steadily  since  that  time.  There  have  been  some  misgivings  regard- 
ing the  exhaustibility  of  the  domestic  supply,  but  the  discovery  and 
development  of  extensive  deposits  in  Arkansas  have  allayed  these 
fears. 

Arkansas  (2,  4).  —  The  occurrence  of  bauxite  in  Arkansas  has 
has  been  known  since  1891,  but  owing  to  a  more  accessible  eastern 
supply,  there  was  little  development  in  that  region  until  1900.  The 
deposits,  which  are  much  more  extensive  than  the  Georgia-Alabama 

^  For  clearness,  the  water  combined  with  the  alumina  is  left  out. 
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ones,  are  confined  to  a  small  area  in  Pulaski  and  Saline  counties, 
north  and  southwest  of  Little  Rock.  They  have  an  average  thick- 
ness of  10  to  15  feet,  and  show  two  distinct  types.  In  the  south- 
westerly or  Bryant  district  the  lower  beds  show  a  granitic  structure, 
and  rest  directly  on  a  mass  of  kaolin  derived  from  the  elaeolite- 
syenite,  and  it  is  probable  that  the  bauxite  has  also  been  derived 
directly  from  this  rock.  The  upper  beds  are  pisolitic  and  similar 
in  character  to  the  Georgia-Alabama  ones.  In  the  Fourche  Moun- 
tain area  only  the  pisolitic  form  is  found.  The  granitic  type  is  the 
purest,  and  corresponds  in  composition  to  the  formula  of  gibbsite 
rather  than  bauxite,  while  the  white  bauxitic  kaolins  run  high  in  silica. 

The  origin  of  the  Arkansas  bauxites  is  somewhat  obscure,  but 
Hayes  (4)  considers  that  subsequent  to  the  intrusion  of  the  syenite 
into  the  palaeozoics  of  that  region,  the  former  was  exposed  by  erosion 
of  the  latter.  This  was  followed  by  a  submergence  of  the  surface 
below  a  body  of  salt  or  highly  alkaline  waters,  which  in  some  way 
penetrated  the  still  partially  hot  syenite,  and  dissolved  its  minerals. 
On  returning  to  the  surface  they  attacked  the  syenite  there,  remov- 
ing silica  and  alkalies,  and  depositing  alumina  in  its  place.  Much 
of  the  alumina  was  also  deposited  from  these  waters  as  a  gelatinous 
precipitate  on  the  ocean  bottom,  over  the  syenite  surface.  Some 
was  also  deposited  with  the  Tertiary  sediments  then  forming. 

Wilkinson  County ,  Georgia  (7).  —  This  new  bauxite-producing 
area  lies  near  the  margin  of  the  Coastal  Plain,  about  30  miles  east 
of  Macon.  The  bauxite  deposits,  which  occur  apparently  near 
the  contact  of  the  Tuscaloosa  (Lower  Cretaceous)  and  Claiborne 
(Tertiary)  formations,  form  beds  up  to  10  feet  in  thickness,  and 
the  ore  is  generally  either  pisolitic  or  concretionary,  but  some  forms 
exhibit  an  amorphous  character  and  even  flinty  appearance.  The 
color  varies  from  white  or  cream  to  bright  red.  Analyses  are  given 
above. 

The  origin  of  the  bauxite  is  a  somewhat  obscure  problem,  and  as 
the  field  is  but  little  developed,  evidence  is  difficult  to  secure. 
Veatch  points  out,  however,  that  all  stages  of  transition  from  the 
clay  to  the  bauxite  can  be  observed,  and  suggests  that  the  latter 
has  been  formed  by  a  desilification  of  the  kaolinite  in  the  clay  by 
circulating  meteoric  waters  carrying  some  chemical  that  was  capable 
of  abstracting  the  silica  from  the  hj^drous  aluminum  silicate. 

Tennessee  Field.  —  Recently  discovered  deposits  of  bauxite  on 
the  southeast  slope  of  Missionary  Ridge,  near  Chattanooga,  were 
*vorked  for  the  first  time  in  1907.    These  deposits  are  of  the  same 
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character  as  those  found  in  the  Georgia-Alabama  field,  and  may  be 
regarded  as  a  northward  extension  of  that  region. 

Other  Occurrences,  —  Bauxite  is  known  to  occur  in  Botetourt 
County,  Virginia,  in  residual  clays  with  iron  and  manganese  ores, 
but  the  deposits  have  not  yet  proven  to  be  of  commercial  value 
(3).  Deposits  are  also  known  near  Silver  City,  New  Mexico  (1), 
and  appear  to  have  been  derived  from  a  basic  volcanic  rock  by 
decomposition  and  alteration  in  place.  Owing  to  their  remoteness 
from  the  railroad,  they  are  of  little  commercial  importance. 

Uses  of  Aluminum.  —  The  chief  use  of  this  metal  is  for  making 
wire  for  the  transmission  of  electric  currents,  but  a  large  quantity 
of  it  is  also  used  in  the  manufacture  of  articles  for  domestic  or  culi- 
nary use,  instruments,  boats,  and  other  articles  where  lightness  is 
wanted.  It  is  also  employed  in  the  manufacture  of  special  alloys, 
among  which  may  be  mentioned  magnalium,  an  alloy  of  aluminum 
and  magnesium;  and  wolframinium,  a  tungsten-aluminum  alloy. 
One  alloy  of  this  type,  known  as  partinium,  is  said  to  have  a  tensile 
strength  of  over  49,000  pounds  per  square  inch;  McAdamite,  an 
alloy  of  aluminum,  zinc,  and  copper,  is  said  to  possess  a  tensile 
strength  exceeding  44,000  pounds  per  square  inch;]  aluminum 
silver  is  an  alloy  of  copper,  nickel,  zinc,  and  aluminum; 
almninum  zinc  includes  a  series  of  alloys  containing  various 
proportions  of  these  two  metals.  Another  extending  application 
is  that  of  powdered  aluminum  for  the  production  of  intense  heat  by 
combustion,  and  in  this  connection  it  is  used  for  welding  tramway 
rails,  or  for  the  reduction  of  rare  metals  from  their  oxides.  A 
small  amount  of  aluminum  added  to  steel  prevents  air  holes  and 
cracks  in  casting,  and  it  is  also  used  to  clear  molten  iron  and  steel 
of  all  oxides  before  casting. 

Uses  of  Bauxite.  —  The  most  important  use  of  bauxite  is  for  the 
manufacture  of  aluminum,  most  of  the  Arkansas  production  being  em- 
ployed for  this  purpose.  A  second  important  application  is  for  the 
manufacture  of  aluminum  salts,  most  of  the  Georgia-Alabama  prod- 
uct being  sold  for  this  purpose  because  of  its  freedom  from  iron  oxide. 

Alundum  (artificial  corundum)  is  made  from  bauxite  in  the  elec- 
tric furnace.  Attempts  have  been  made  in  recent  years  to  utilize 
bauxite  for  bauxite  brick,*  and  several  firms  in  this  country  have 
begun  their  manufacture  on  a  small  scale,  but  the  demand  for  them 
appears  to  be  slight,  partly  on  account  of  their  high  price.  Bricks 
of  this  character  are  claimed  to  be  of  value  for  basic  open-hearth 

» Aubrey,  Min.  Indus..  XIV,  48,  1909. 
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steel  fumaceS;  because  of  their  resistance  to  the  corrosive  action  of 
molten  metal.  They  can  also  be  used  for  lining  rotary  Portland 
cement  kilns. 

Production  of  Bauxite.  —  The  production  of  bauxite  in  the  United 
States  has  been  as  follows:  — 

Production  op  Bauxitb  in  the  United  States,  1889-1908,  by  States^ 

IN  LoNQ  Tons 


Ybab 


1889 
1890 
1895 
1900 
1904 
1905 
1906 
1907 
1908 


Geoboia 

Alabama 

Abkaksab 

Total 

728 

,  ,  „ 

^.^0 

728 

1,844 

— 

— 

1.844 

8.756 

13.313 

— 

17.069 

19.739 

3.445 

23.184 

21.913 

25,748 

47.661 

15.173 

32.956 

48.129 

25,065 

50.267 

75.332 

— 

— 

« 97,776 

14.464 

» 37.703 

52.167 

Valcb 

$2,366 

6,012 

44,000 

89.676 

235.704 

240.292 

368,311 

480.330 

263.689 


^  Production  of  Tenneaaee  included. 

The  following  table  shows  the  annual  production,  imports,  con- 
sumption, and  value  of  bauxite  in  the  United  States  duftng  the 
last  five  years:  — 

Production,   Imports,    and   Consumption   op   Bauxite    in   United 

States,  1904-1908,  in  Long  Tons 


Ybab 

Pboduction 

Impobts 

Consumption 

Quantity 

Value 

Quantity 

Value 

Quantity 

Value 

1904 

1905 

1906 

1907 

1908 

47.661 
48.129 
75,332 
97,776 
52,167 

$235,704 
240.292 
368.311 
480.330 
263,968 

15,374 
11,726 
17,809 
25.066 
21,679 

$49,257 
46,517 
63,221 
93.208 

87.823 

63.035 
59.855 
93.141 
122,842 
73,846 

$285,961 
286.809 
431,533 
573,538 
351.791 

The  above  figures  indicate  a  notable  increase  in  the  quantity  of 
imported  bauxite,  most  of  which  comes  from  France,  and  this  country 
was  the  chief  foreign  competitor  of  the  American  bauxite  industry 
in  1908. 

World's  Production,  —  The  following  table  shows  the  world's 
production  of  bauxite  from  1905  to  1907,  inclusive : — 

World's  Production  op  Bauxite,  1905-1907,  in  Lonq  Tons 


CouirTBT 

1005 

1906 

1007 

QUANTTTT 

Value 

Quantity 

Value 

QUANTITT 

Value 

United  Sutes   .     . 
France     .... 
United  Kingdom  . 

48.129 

101.378 

7,300 

$240,292 

205,738 

8.880 

75.332 

115.926 

6.654 

$368,311 

229.952 

13.274 

97,776 

155,512 

7,480 

$480,330 

318.206 

9.168 

Total    .     .     . 

156.807 

$454,910 

197,912 

$611,537 

260.768 

$807,704 
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The  production  of  aluminum  in  the  United  States  since  1883  has 
been  as  follows: — 

Production  op  Aluminttm  in  the  United  States 


Ybar 

QUANTITT 
POUMDB 

Ybas 

QUANTTTT 

1883 

1885 

1890 

1895 

1900 

•     83 

283 

61,281 

920.000 

7.150.000 

1904        

1905        

1906        

1907        

1908        

>  8,600,000 
«  11,347,000 
'  14,010,000 
«  17.21  l.OOO 
'11,152,000 

I  CoDBumption. 
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MANGANESE 

Ore  Minerals  and  Ores.  —  While  many  different  minerals  contain 
this  metal,  practically  the  only  ones  of  commercial  value  are  the  ox- 
ides and  carbonates,  and  in  this  country  only  the  former.  The  sili- 
cates are  not  used  as  a  source  of  manganese,  owing  to  their  high 
silica  percentage. 

The  important  ore  minerals  of  manganese  are  the  following: 
Pyrolusite,  the  black  oxide  (MnOj,  63.2  per  cent  Mn) ;  Psilomelane 
(chiefly  Mn02,  H2O ;  K  and  Ba  variable,  45  to  60  per  cent  Mn.) ; 
Braunite  (3  Mn203,  MnSiOs,  69.68  per  cent  Mn) ;  Wad,  a  low-grade 
earthy  brown  or  black  ore,  with  the  percentage  of  manganese  varjdng 
from  15  to  40  per  cent  Mn) ;  Manganite  (MnsOs,  H2O ;  62.4  per  cent 
Mn.);  Rhodochrosite  (MnCOa  61.7  per  cent  MnO). 

The  manganese  ores  proper  consist  usually  of  a  mixture  of  oxides, 
and  indeed  these  compounds  are  really  the  only  ones  of  importance 
in  the  United  States.  Pyrolusite  and  psilomelane  are  by  far  the 
most  important,  and  are  often  intimately  associated,  the  pyrolusite 
generally  assuming  a  crystalline  and  the  psilomelane  a  massive 
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structure.  They  may  locally  have  some  admixtures  of  iron  oxide, 
and  then  they  are  of  use  in  the  steel  industry,  but  when  free  from 
iron  they  are,  in  addition,  of  value  for  oxidizing  and  coloring  purposes. 
Wad  is  often  of  too  low  grade,  due  to  impurities,  to  be  used  as  an 
ore  of  manganese,  but  it  is  sometimes  employed  for  paint.  Rho- 
dochrosite,  though  found  as  a  conmion  gangue  mineral  in  some  west- 
ern mines  (Rico,  Colorado;  Butte,  Montana,  silver  mines),  can 
hardly  be  regarded  as  a  source  of  manganese. 

Manganese  oxides,  in  addition  to  being  associated  with  iron,  as 
noted  above,  are  sometimes  mixed  with  zinc  or  silver.  It  is  cus- 
tomary, therefore,  to  make  a  fourfold  division  into  (1)  manganese 
ores,  (2)  manganiferous  iron  ore,  (3)  manganiferous  silver  ore,  and 
(4)  manganiferous  zinc  residuum. 

Manganiferous  iron  ores  foimd  in  the  United  States  consist  chiefly 
of  limonite  or  hematite  mixed  with  psilomelane,  pyrolusite,  or  wad, 
the  mixture  sometimes  being  an  intimate  one,  or  at  others  the  iron 
and  manganese  occurring  in  the  same  deposit,  but  more  or  less  dis- 
tinct from  each  other.  The  high-grade  ores  are  of  value  for  making 
spiegeleisen  or  ferro-manganese,  but  in  those  running  low  in  manga- 
nese this  element  is  usually  regarded  as  an  impurity. 

Manganiferous  silver  ores  are  composed  of  a  mixture  of  manganese 
and  iron  oxides,  containing  small  amounts  of  silver  minerals,  lead 
carbonate,  and  sometimes  even  gold.  In  this  class  of  ores,  in  which 
the  iron  usually  predominates  over  manganese,  the  ores  form  the 
gossan  of  metaUic  sulphide  bodies  carrying  iron,  lead,  zinc,  and 
silver  sulphides  in  a  quartz  or  calcite  gangue.  Rhodonite  and  rho- 
dochrosite  sometimes  occur  in  the  unaltered  ores. 

This  class  of  ores  may  be  divided  into  three  classes  (4)  according  to  their 
uses  as  follows :  (1)  ores  used  mainly  for  their  silver  and  lead  values,  the 
manganese  and  iron  oontent  sometimes  insuring  a  higher  price  because  of 
their  fluxing  action ;  (2)  ores  too  low  in  silver  and  lead  to  serve  as  sources 
of  these  metals,  but  sufficiently  high  in  iron  and  manganese  to  be  employed 
in  making  ferro-manganese  and  spiegeleisen.  If  too  low  in  manganese,  it 
may  be  used  as  an  iron  ore ;  (3)  ores  too  low  in  silver  and  lead  to  be  used  as 
sources  of  these  metals,  and  too  low  in  iron  and  manganese  to  serve  for 
alloys  of  these  two ;  such  ore  is  sold  for  flux,  and  the  lead-silver  content 
ultimately  saved. 

Manganiferous  zinc  residuum  is  obtained  from  zinc  volatilizing 
and  oxidizing  furnaces  using  New  Jersey  zinc  ores,  and  consists 
largely  of  the  iron  and  manganese  oxide  which  remains  after  the  zinc 
has  been  volatilized  and  collected  as  zinc  oxide.  The  minerals 
present  in  the  ore  are  franklinite,  zincite,  and  willemite. 
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Origin  (7,  2).  —  Manganese  oxide  deposits  are  usually  of  second- 
ary origin,  having  been  formed  by  weathering  processes,  which 
caused  the  decay  of  the  parent  rock  containing  manganiferous  sili- 
cates, and  the  change  of  these  latter  to  oxides.  By  circulating 
ground  water  they  have  often  been  concentrated  in  residual  clays. 
Although  iron  also  may  have  been  present  in  the  parent  rock,  and  the 
two  are  sometimes  deposited  together,  still  they  have  in  many 
instances  been  separated  from  each  other,  due  to  the  fact  that  con- 
ditions favorable  for  precipitation  are  not  the  same  for  both,  or 
because  the  soluble  compounds  of  manganese  formed  by  weather- 
ing are  sometimes  more  stable  than  corresponding  iron  compoimds, 
and  hence  may  be  carried  farther  by  circulating  waters  before  they 
are  deposited. 

Distribution  of  Manganese-bearing  Ores  in  the  United  States.  — 
Although  the  manganese-bearing  ores  are  widely  distributed  in  the 
United  States,  only  a  few  localities  are  of  commercial  importance, 
and  the  manganese-mining  industry  has  been  shrinking  for  several 
years. 

The  reason  for  this  is  that  the  domestic  ores  are  of  much  lower 
grade  than  the  imported  ones,  and  often  require  washing  and 
sorting  to  render  them  marketable.  Moreover,  they  occur  in  small, 
scattered  pockets,  often  remote  from  lines  of  transportation,  and 
may  carry  a  high  percentage  of  phosphorus  and  silica. 

The  demand  is  therefore  supplied  largely  by  high-grade  ores  from 
India,  Brazil,  Cuba,  and  the  East  Indies. 

The  occurrence  of  the  four  classes  of  domestic  ores  may  be  referred 
to  separately. 

Manganese  Ores. — The  most  important  regions  of  this  somewhat 
widely  scattered  type  of  ore  are  the  Appalachian  and  Piedmont 
regions,  southern  Mississippi  Valley,  and  Pacific  coast,  but  the 
chief  producing  districts  have  been  the  James  River  Valley  and  Blue 
Ridge  regions  in  Virginia ;  Cave  Springs  and  Cartersville  districts 
in  Georgia ;  Batesville  district,  Arkansas ;  and  the  Livermore-Tesla 
district  in  California. 

Eastern  Area.  —  Manganese  deposits  are  found  in  the  Atlantic 
states  from  Vermont  to  Alabama,  and  two  states  in  this  belt, 
Georgia  and  Virginia,  lead  in  the  domestic  production.  The  common 
mode  of  occurrence  is  as  nodules  or  lumps  in  residual  clay,  similar  to 
the  limonites  found  in  the  same  area. 

Virginia  (12,  4).  —  This  state  has  two  areas,  viz.  the  James  River 
area  in  the  Piedmont  Region,  and  the  Appalachian  Valley  area. 
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The  ore  of  the  Piedmont  region  is  found  in  the  James  River  Valley, 
northeast  and  south  of  Lynchburg.  The  deposits  occur  in  residual 
clay  and  sand  which  have  been  derived  from  crystalUne  rocks,  and 
the  ore  occurs  in  nodular  masses  up  to  500  pounds  weight,  which  are 
scattered  through  a  yellowish  brown  micaceous  clay  that  forms  a 
nearly  vertical  layer  between  decomposed  granite  and  residual 
material  derived  from  quartzose  mica  schist.  A  manganese  stained 
clay  known  as  "  umber,"  formed  possibly  from  crystalline  limestone, 
is  associated  with  many  of  the  Piedmont  manganese  deposits. 

The  Appalachian  Valley  deposits  occur  in  two  districts,  viz.  the 
Blue  Ridge  and  New  River. 

The  ores  of  the  first  district,  which  are  the  most  important  of  the 
two,  occur  in  a  series  of  irregularly  distributed  deposits  along  the 
west  foot  of  the 
Blue  Ridge  from 
Front  Royal  to 
Roanoke,  a  dis- 
tance of  about  150 
miles.  This  same 
belt  includes  the 
Blue  Ridge  iron- 
ore  deposits,  which 
may    sometimes  •cctionno.4. 

contain  an  appre-   ^°*  '^^®*  —  Sections  of  Manganese  deposit,  Crimora,  Va. 

ciable  amount  of  ^    ^ 

manganese.  So,  too,  iron  may  be  found  in  the  manganese  deposits. 
The  manganese  ore  occurs  in  pockets  in  clays  of  residual  or  sedi- 
mentary character,  along  the  contact  of  the  Lower  Cambrian  quartz- 
ite  with  the  overlying  formation,  and  more  rarely  in  fissures  pene- 
trating the  quartzite. 

Four  t^'pesof  ore  are  found,  all  of  whioh  may  occur  in  the  same  deposit. 
They  are :  (1)  black  psilomelane  kidneys  in  clay ;  (2)  irregular,  often  porous 
masses  of  psilomelane  with  layers  of  crystalline  pyrolusite,  also  in  clay; 
(3)  breccia  ore  in  large  masses  consisting  of  sandstone  or  chert  fragments, 
with  pyrolusite  or  psilomelane  filling ;  (4)  replacements  or  cavity  fillings, 
mainly  pyrolusite,  in  sandstone  or  sandy  clay.  The  mine  at  Crimora 
(Pig.  226)  is  one  of  the  best  known.  The  ore  forms  pockets  5  to  6  feet 
thick,  and  20  to  30  feet  long  in  a  deposit  of  clay  276  feet  thick. 

In  the  New  River  district,  the  ore  which  is  mainly  psilomelane 
occurs  as  large  masses  mixed  with  iron  ores  in  residual  clay,  but  is  of 
little  commercial  importance. 
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The  Virginia  areas  mentioned  extend  southward  into  Tennessee, 
and  some  ore  is  mined  there. 

Georgia,  —  In  northern  Georgia  (5,  11)  the  ore  results  from  the 
decay  of  limestones  and  shales,  Cave  Spring  and  Cartersville  being 
important  localities  (Fig.  227).  The  deposits  are  found  in  the  areas 
underlain  by  both  the  crystalline  and  Palaeozoic  rocks,  but  only 

those    associated    with 

^  "^     the  latter  have  proven 

to  be  of  importance. 
In  this  region  the  rocks 
consist  of  Cambro- 
Silurian  limestones  and 
quartzites,  which  have 
been  much  folded  and 
faulted,  and  have  been 
weathered  down  to  a 
residual  clay,  which  is 
often  not  less  than  100 
feet  thick.  The  ore  oc- 
curs as  pockets,  lentic- 
ular masses,  stringers, 
grains,  or  lumps,  irregu- 
larly scattered  through 
the  clay,  and  rarely  forming  distinct  beds.  None  of  the  deposits 
are  large,  though  some  30  feet  in  length  have  been  worked.  More 
or  less  limonite,  barite,  ocher,  and  bauxite  may  be  associated  with 
the  ore  (Fig.  228),  and,  indeed,  complete  gradations  from  manganese 
to  iron  ore  are  found,  as  shown  by  the  following  analyses :  — 


FiQ.  227.  —  Map  showing  Georgia  manganese  areas. 
{After  WaUon,  Amer.  Inst,  Min,  Enffra.t  Trans, 
XXXIV,) 
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The  better-grade  ores  are  usually  low  in  silica,  iron,  and  phosphorus. 
In  the  Carters^dlle  district,  which  is  the  more  important,  the  ore  is 
found  in  residual  clays  derived  from  the  Beaver  limestone  and  Weis- 
ner  quartzite,  while  in  the  Cave  Spring  area  it  occur  only  in  the  clays 
overlying  the  Knox  dolomite. 

Penrose  (8)  thought  that  the  manganese  was  derived  from  the 
underlying  Cambro-Silurian  sediments,  while  Watson,  on  the  con- 
trary, believes  that  the  crystalline  rocks  to  the  east  and  south  have 


k* 


F:o.  1.  —  View  of  baunitc  bank.  Rock  Run,  Ala.     (H.  Riee,  pkolo.) 


-  Furnace  for  roasting  mercury  ore,  Tcrlinguu,  Tei.     {W.  H.  Turner,  phoUi.) 
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furmshed  the  ore,  as  none  is  found  in  the  parent  rock  from  which  the 
clays  were  derived.  The  m&nganese  was  probably  taken  into  Bolu- 
tion  as  a  sulphate,  and  coucentrated  by  circulating  waters  of  meteoric 
origin  in  the  residual  clays  where  now  found. 


—  Section  in  Georipa  manganeae  area,   ehowing  geoli>sic  relatloDa  of 
e,  Iimomt«,  and  ocher.  {Afta  WiOaon,  Amer.  liut.  Min.  Engri.,  Trant. 
XXXIV.) 

The  Georgia  (lO)  deposits  have  been  worked  for  a  number  of  years, 
and  the  manganese  was  formeriy  marketed  chiefly  in  England ;  but 
the  output  is  now  sold  entirely  in  the  United  States.  The  ore,  which 
has  to  be  purified  by  washing  and  crushing,  is  used  in  part  for  paint 
and  in  part  for  steel  manufacture. 

Other  Eastern  Occurrences.  —  Deposits  are  known  at  several 
localities  in  Vermont  (8),  North  CaroUna,  (4)  South  Carolina  (4) 
and  Pennsylvania  (4). 

Lower  Mississippi  Valley  and  Gulf  Region.  —  The  Arkansas 
deposits  are  the  only  important  ones  in  this  r^on. 

Arkansas.  —  Manganese  ore  is  found  in  the  region  aroimd  Batea- 
ville  {8,  9),  associated  with  horizontally  stratified  limestones  and 
shales,  rang'mg  from  Ordovician  to  Carboniferous  Age  (I^lg.  229). 


Flo.  229.  —  Section  in  Batcaville,  Ark.,  manganeBe  region,  illuatrating  Beological 
structure  and  relation  of  difTerent  formations  to  marketable  and  non-marketabla 
ore.     (Afler  Van  Ingen,  Sch.  of  M.  Quart.,  XXII.) 

The  Cason  shale,  of  Silurian  Age,  occurrii^  near  the  middle  of  the 
section  (Fig.  2296),  carries  manganese  nodules  high  in  phosphorus, 
which  are  not  marketable,  and  others  are  found  in  the  pita  of  re^dual 
clay  derived  from  it.  Farther  down  the  slopes  marketable  ore  (Fig. 
229  c),  which  has  been  derived  by  leaching  of  the  first-mentioned  ore, 
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is  found  occurring  in  residual  pockets  in  the  lower-lying  limestones, 
while  the  residual  cla}^  (Fig.  229  a),  formed  at  a  higher  level  than 
the  Cason  shale,  are  barren  of  manganese. 

Other  Occurrences.  —  Small  deposits  are  said  to  occur  in  Hickman 
County,  Tennessee,  and  Llano  County,  Texas. 

Western  States.  —  Two  types  of  ore  are  found  in  California. 
The  first  of  these  consist  of  veins  of  p3Tolusite,  and  psilomelane  in 
the  Calaveras  (Carboniferous)  formation,  occurring  near  Meadow- 
Valley,  Plumas  County,  and  at  other  points  in  the  Sierra  Nevada. 
The  second  occurs  near  the  coast  north  and  south  of  San  Francisco, 
as  local  thin  lenses,  inter  bedded  with  jaspers  of  the  Franciscan 
(Jura-Trias)  formation.  At  the  Ladd  mine  near  Livermore,  the  ore 
lies  in  a  fault  fissure,  4  to  5  feet  in  width,  and  forms  cavity  fillings, 
infiltrations,  and  replacement  deposits  in  red  and  yellow  clays, 
and  as  veins  and  breccia  cement  in  the  wall.  The  wall  rock  is 
jasper  (4). 

Small  deposits  are  also  known  in  Utah  where,  in  Grand  County, 

« 

the  ore  occurs  as  replacements  in  Triassic  limestone  (6),  and  near 
Golconda,  Nevada.  The  latter,  which  is  bedded,  and  is  interstrat- 
ified  with  calcareous  and  siliceous  tufa,  appears  to  be  a  hot-spring 
deposit  in  a  small  tufa  basin. 

Mang^niferous  Iron  Ores.  —  Those  of  the  Appalachian  Valley 
have  already  been  referred  to  in  connection  with  the  manganese  ores. 
The  most  important  deposits  are  in  Vermont,  Virginia,  and  Ten- 
nessee, and  consist  chiefly  of  psilomelane  and  limonite  mixtures. 
Much  iron  ore  of  the  Lake  Superior  district  carries  from  1  to  10  per 
cent  metallic  manganese.  It  usually  occurs  in  small  patches  mixed 
with  hematite.  Other  occurrences  have  been  noted  from  Gunni- 
son County,  Colorado  (6),  Juab  County,  Utah,  and  Missouri,  but 
they  are  not  of  commercial  value. 

Manganif erous  Silver  Ores.  —  The  most  important  deposits  are 
those  found  at  Leadville,  Colorado.  They  occur  as  replacements  of 
the  blue  Carboniferous  limestone  near  its  contact  with  the  porphyry, 
and  consist  of  a  black  mixture  of  manganese  and  iron  oxides  with 
lead  carbonate  and  silver,  the  manganese  content  ranging  from  10 
to  40  per  cent.  In  the  underlying  sulphides  the  manganese  is 
absent  and  the  large  quantity  in  the  oxidized  ore  is  believed  to 
represent  an  infiltration  from  the  porphyry  (2).  This  ore  is  used 
both  in  the  steel  industry  and  for  fluxing.  Ores  of  similar  character 
are  found  at  Neihart  and  Castle,  Montana.  Manganese  is  also  found 
in  the  silver  veins  at  Butte,  Montana,  but  is  of  little  conmierdal 
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value.  Still  other  manganiferous  silver  ores  have  been  noted  from 
scattered  localities  in  New  Mexico,  Arizona,  Utah,  and  Nevada,  but 
appear  to  be  of  little  commercial  importance.  Some  found  in  the 
Tintic  district,  Utah,  are  used  as  flux  at  the  local  smelters. 

Uses  of  Manganese.  —  Manganese  is  used  in  the  manufacture  of 
alloys,  whose  value  depends  not  only  on  the  amount  of  manganese, 
but  also  on  the  absence  of  sulphur  and  phosphorus.  Spiegeleisen 
contains  under  20  per  cent  manganese,  and  ferromanganese,  a  similar 
alloy,  has  from  20  to  90  per  cent  of  it.  The  amount  of  silicon  and 
carbon  present  in  these  varies. 

Other  alloys  are  manganese  bronze,  manganese  and  copper,  with 
or  without  iron.  Some  allo}*^  of  manganese,  aluminum,  and  copper, 
known  as  Heusler's  alloys,  are  important  because  of  their  magnetic 
properties.  Other  elements  alloying  with  manganese  are  zinc,  tin, 
lead,  magnesium,  and  silicon. 

Manganese  oxide  is  used :  ( 1)  as  a  substi  tute  for  ux)n  oxide  in  copper 
and  silver  reduction ;  (2)  as  an  oxidizing  agent  in  the  manufacture 
of  chlorine,  bromine,  and  disinfectants ;  (3)  as  a  decolorizer  of  green 
glass ;  (4)  as  a  coloring  agent  in  calico  printing  and  dyeing,  in  the 
making  of  glass,  pottery,  bricks,  and  also  paints ;  (5)  in  the  manufac- 
ture of  the  Leclanch^  battery  and  of  dry  cells,  for  which  purpose  a 
considerable  amount  is  consumed  annually. 

Some  manganese  compounds  have  a  medicinal  value,  and  rhodon- 
ite is  sometimes  cut  for  a  gem  stone. 

Production  of  Manganese.  —  Although  much  used  in  steel  manu- 
facture, the  domestic  production  is  small  because  of  the  inferior 
character  of  the  native  ores,  therefore  the  largest  consumers  rely 
upon  foreign  sources  of  supply. 

The  following  table  gives  the  total  quantity  of  the  several  kinds 
of  ore  produced  in  the  United  States.  The  annual  production 
since  1885  is  given  because  the  output  has  fluctuated  so.  The 
strong  decline  in  the  production  of  the  straight  manganese  ores  is 
well  brought  out. 
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Pboduction  op  Manganese  Ores  in  the  United  States,  1885  to  1908, 

IN  Long  Tons 


1885 

1886 

1887"  

1888 

1889 

1890 

1891 

1892 

18vo  •••»••' 

1894 

1896 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

1906 

1906 

1907 

1908 


Manqanesb 


23.258 

30,193 

34.524 

29.198 

24,197 

19,287 

22,452 

13.613 

7,718 

6.308 

9.547 

10.088 

11.108 

15.957 

9.935 

11,771 

11.995 

7,477 

2.825 

3,146 

4.118 

6,921 

5.624 

6,144 


Manoakifbrous 
Iron  Orb 


257,000 
211.025 
202.132 
81.359 
61.863 
132.511 
150.431 
112.016 
198.466 
112,265 
329.640 
185,705 
268.962 
732.490 
334.274 
512.104 
887,939 
509,637 
366,172 
723,419 
1.008.900 
318,449 
471.480 


Manoanifbroub 
Silver  Orb 


4,263 

60.000 

60,726 

60.000 

64,987 

58.237 

80.475 

65.251 

61.728 

38,709 

67.627 

147.151 

166.014 

118.199 

109.210 

231,812 

291,572 

207,407 

194,061 

122,352 

127,576 

32.400 

99.711 

51.554 


Manoanxfbboub 

Zinc 
Kebidvum 


43,648 
48.560 
38.228 
31,859 
37,512 
26.981 
43.249 
44.935 
33,924 
48,502 
65.010 
87,110 
52.311 
65.246 
73.264 
68.189 
90,289 
93,461 
93.413 
110,225 


1  Returns  incomplete. 

Production  of  Manganese  Ore  in  the  United  States,   1906-1908, 

BY  States,  in  Long  Tons 


1906 

1907 

1908 

Statb 

QUAN- 
TlXT 

Value 

Aver- 
age 

Price 
Per 
Ton 

Quan- 
tity 

Value 

Avbr- 

AQB 

Price 
Per 
Ton 

QUAN- 
TITT 

Value 

Aver- 
age 

Price 
Per 
Tow 

Arkansas    .    .    . 
California  .    .    . 
South  Carolina  . 
Tennessee  .    .    . 

Utah 

Virginia      .    .    . 

62 

1 

30 

800 

6,028 

$290 
20 

300 
10.000 
77,522 

$4  68 
20.00 

10.00 
12.50 
12.86 

100 
800 
100 

4.604 

$600 
4.800 
1,500 

56,469 

$6.00 

6.00 

15.00 

12.27 

6.144 

$62,779 

$10.22 

6,921 

$88,132 

$12.73 

5,604 

$63,369 

$11.31 

6,144 

$62,779 

$10.22 

The  average  price  per  long  ton  for  Colorado  manganiferous  silver 
ores  in  1908,  was  $2.48,  and  of  manganiferous  zinc  residuum,  $2.05. 

The  prices  of  manganese  ores  used  in  the  steel  industry  vary  from 
$5  to  $15  per  long  ton,  according  to  grade. 

They  are  governed  by  the  following  sohedule  of  prices  established  by  the 
Carnegie  Steel  Company,  the  price  being  for  delivery  at  Pittsburg  or  South 
Chicago. 
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Prices  are  based  on  ores  oontaining  not  more  than  8  per  cent  silica  or 
.25  per  cent  phosphorus,  and  are  subject  to  deductioils  as  follows:  For 
each  1  per  cent  in  excess  of  8  per  cent  silica  there  shall  be  deduction  of  15 
cents  per  ton ;  fractions  in  proportion. 

For  each  .02  per  cent,  or  fraction  thereof,  in  excess  of  .25  per  cent 
phosphorus,  there  shall  be  a  deduction  of  2  cents  per  unit  of  manganese  per 
ton. 


PbRCVNTAOS    op    MbTALLIO    MANOAMSaB    IN 

pBica  FEB  Unit,  ik  Cemiii 

Okb 

Iron 

Over  49 . 

30 

29 
28 
27 

6 

46  to  49 

6 

43  to  46 

6 

40to43 

6 

Ores  containing  less  than  40  per  cent  manganese  or  more  than  12  per 
cent  silica  or  .27  per  cent  phosphorus  are  subject  to  acceptance  or  refusal 
at  the  buyer's  option. 

Settlements  are  based  on  analysis  of  sample  dried  at  212^  F.,  the  peiv 
centage  of  moisture  in  the  sample  as  taken  being  deducted  from  the  weight. 

The  manganese  ores  for  oxidizing  and  coloring  purposes  are  valued 
according  to  the  quantity  of  manganese  peroxide  present,  their  consistency, 
et<!.,  and  prices-  range  up  to  125  per  ton  for  the  better  grades  of  ore.  Man- 
ganiferous  ores  used  in  steel  manufacture  and  for  fluxing  range  in  price 
upward  from  $2  per  ton. 

The  imports  in  1907  amounted  to  209,021  long  tons  valued  at 
$1,793,143,  and  in  1908  to  178,203  long  tons  valued  at  $1,350,223. 

World^s  Production.  —  The  following  table  gives  the  latest  avail- 
able statistics  with  regard  to  the  world's  production  of  manga- 
nese ore.  The  unit  is  either  the  long  or  the  metric  ton,  except 
for  Canada,  where  the  short  ton  is  used. 

World's  Production  of  Manqanese  Ores 


COUNTBY 

North  America : 

United  States      .     . 

Cuba 

South  America : 

BrasiP 

Chile 

Europe: 

Austria 

Bosnia  and  Herse- 
govina    .... 

Hungary    .... 

France 

Germany   .     .     .     . 

Groeoe 

Italy 

United  Kingdom 


Ybab 

Quantity 

1908 
1907 

Tons 
6.144 
34.171 

1905 
1905' 

233.950 
1,324 

1907 

16.800 

1906 
1906 
1907 
1907 
1906 
1907 
1907 

7,6.')1 
11.000 
18.200 
75,000 
10.000 

3.700 
16.400 

COUNTRT 


Europe  —  Continued 

Portugal 

Russia . 

Spain   . 

Sweden 

Turkey » 

Norway 
Asia: 


India    .     .     . 
Japan  .     .     . 
Java     .     .    . 
Oceania: 

Queensland   . 
New  Zealand 


Quantity 


Tons 

22 

1.016.000 

63.000 

4.300 

28.600 

22 


504.000 

13.000 

1.600 


1.130 
16 


^  Exports. 
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MERCURT 

Ores.  —  While  mercury  is  sometimes  found  native  in  the  form  of 
Quicksilver  J  the  most  common  ore  is  Cinnabar  (HgS),  which  con- 
tains 86.2  per  cent  mercury.  Native  amalgam  of  mercury  and 
silver  is  known,  and  Calomel,  the  chloride,  as  well  as  other  com- 
pounds, are  sometimes  found. 

Mode  of  Occurrence.  —  Mercury  ores  are  not  confined  to  any- 
particular  formation,  but  are  found  in  rocks  ranging  from  the  Ordo- 
vician  to  Recent  Age  in  different  parts  of  the  world.  Nor  are  they 
pecuUar  to  ainy  special  type  of  rock,  although  igneous  rocks  are  often 
found  in  the  vicinity  of  them.  They  occur  as  veins,  disseminations, 
or  as  masses  of  irregular  form.  Silica,  either  crystalline  or  opaline, 
and  calcite  are  common  gangue  minerals,  while  pyrite  or  marcasite 
are  rarely  wanting,  and  bitumen  is  widespread. 

Distribution  in  the  United  States.  —  California  has  always  been 
the  most  important,  and,  in  fact,  at  times,  the  only  producing  state. 
Deposits  are,  however,  also  known  in  Texas,  Oregon,  Utah,  Nevada, 
and  New  Mexico. 

Origin.  —  The  origin  of  mercury  ores  has  been  studied  chiefly 
by  Becker  (1)  and  later  by  Schrauf  (9).  The  former  points  out  that 
silica  (either  crystalline  or  amorphous)  and  calcite  are  common 
gangue  minerals,  but  pjrite  or  marcasite  are  almost  equally  abun* 
dant,  as  is  also  bitumen.  In  addition  to  these,  the  ores  show  an 
irregular  a&sociation  with  other  metallic  minerals,  such  as  antimony, 
silver,  lead,  copper,  arsenic,  zinc,  or  even  gold.  Becker  believes 
that  the  cinnabar  has  been  precipitated  from  ascending  waters  by 
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bituminous  matter,  having  come  up  in  solution  as  a  double  sulphide 
with  alkaline  sulphides.  He  further  suggests  that  the  deposits 
represent  impregnations  and  are  not  replacements. 

Calif amia  (1,  2)  (Fig.  230).  —  The  California  ores  occur  chiefly 
in  metamorphosed  Cretaceous  or  Jurassic  rocks,  with  some  in  the 
Miocene  and  even  Quaternary.  The  deposits,  which  are  termed 
"chambered  veins  "  by  Becker,  are  fissured  zones.  Eruptive  rocks 
seem  in  many  cases  to  be  in- 
volved in  the  ore  formation, 
and  at  New  Almaden  a  rhyo- 
lite  dike  runs  parallel  with 
the  ore  body.  The  ore  here 
occurs  along  the  contact  be- 
tween serpentine  and  shale, 
filling  in  part  the  interstices 
of  a  breccia.  These  mines, 
which  are  the  largest  in  the 
state,  have  been  worked  to  a 
depth  of  over  2500  feet. 

At  the  New  Idria  mine, 
located  in  southeastern  San 
Benito  County,  and  which 
has  been  worked  almost  con- 
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tlnually   since   1853,    the    ore    Fio.    230.  —  Map    of    California    merouiy 

bodies  occur   as   stockworks  localities, 

in  metamorphic  rocks  of  Lower  Cretaceous  Age,  just  south  of  their 
contact  ^dth  the  unaltered  sediments  of  the  Chico  (Upper  Cretaceous) 
formation.  The  ore  which  is  irregularly  distributed  between  a  false 
hanging  wall  of  clay,  and  a  foot  wall  of  shale,  consists  of  a  mixture 
of  pjrite  and  cinnabar,  with  a  gangue  of  silicified  and  brecciated 
metamorphic  sandstones  and  shales.  It  is  interesting  to  note  that 
in  driving  a  tunnel  to  connect  with  the  1060-foot  level  considerable 
natural  gas  was  encountered,  and  that  at  another  locality,  New 
Almaden,  exhalations  of  carbon  dioxide  were  encountered  in  some 
of  the  lower  levels. 

Other  occurrences  are  in  Colusa  County,  where  the  cinnabar  is  found  in 
altered  serpentine,  and  in  Napa  County,  where  it  occurs  along  the  contact 
of  sandstone  and  slate.  The  minerals  associated  with  these  are  bitumen, 
free  sulphur,  stibnite,  mispickel,  gold  and  silver,  chaloopyrite,  pyrite, 
millerite,  quartz,  calcite,  barite,  and  borax.  The  vein  is  a  fissure  filled 
with  brecciated  fragments,  and  cuts  through  sandstone,  shale,  and  augite 
andesite,  the  cinnabar  cementing  the  breccia  together,  but  at  times  also 
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impreg^nating  the  walls.  Hot  waters  which  circulate  through  the  vein 
still  deposit  gelatinous  silica. 

At  Steamboat  Springs  the  waters  carry  gold,  sulphide  of  arsenic,  anti- 
mony, and  mercury,  sulphides  or  sulphates  of  silver,  lead,  copper,  ziuc, 
iron  oxide,  and  possibly  other  metals.  They  also  contain  sodium  carbon- 
ate, sodium  chloride,  sulphur,  and  borax. 

Cinnabar  is  known  in  Lane  and  Douglas  counties,  Oregon. 

Texas  (3,  7,  8,  11).  — 
The  Terlingua  district  of 
Brewster  County,  Texas 
(Fig.  231),  has  aroused 
much  interest  in  recent 
years. 

The  area  of  importance 
is  about  two  miles  wide 
north  and  south  and  fif- 
teen miles  east  and  west, 
and  lies  in  southern 
Brewster  County,  about 
300  miles  southeast  of  El 
Paso,  and  1 10  miles  south 
of  Marfa.  It  is  7  miles 
to  the  Rio  Grande  and 


Fig.   231.  —  Map  showing  Texas  mercury  region. 
{After  HiU,  Eng.  and  Min.  Jour,,  LXXIV.) 


Mexican  border.  The  remoteness  from  the  railroad  and  lack  of 
water  have  formed  serious  obstacles  in  the  development  of  the 
district. 

The  rocks  are  sediments  of  Upper  and  Lower  Cretaceous  Age  cut 
by  Tertiary  volcanics,  and  the  following  section  is  involved : — 

Tertiary  tuffs  and  lavas,  forming  sheets,  dikes,  laccoliths,  and  surface  flows. 

The  rock  types  included  are  andesites,  rhyolites,  phonolites,  and  basalts. 
Upper  Cretaceous. 

Ponderosa  marls 200  ft. 

Austin  chalk 100  ft. 

Eagle  Ford  shales 400  ft. 

Lower  Cretaceous. 

Vola  limestones 75  ft. 

Arietina  clays  or  Del  Rio  shales        75  ft. 

Washita  or  Fort  Worth  limestx)ne 100  ft. 

PYedericksburg  or  Edwards  limestone 1000  ft. 

There  has  been  important  faulting,  the  strike  of  the  chief  dislo- 
cation being  northwest-southeast,  but  that  of  the  ore-filled  fissiu'es 
is  northeast-southwest. 
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The  ore  bodies  have  thus  far  been  found  chiefly  in  the  Washita 
and  Fredericksburg  limestones,  but  more  recently  in  the  Eagle  Ford 
shales.  The  ore  is  most  frequently  found  in  fissure  veins  (Fig.  233), 
but    some    occurs    in 

breccias  and  as  lateral-  j 

enrichment  deposits.  ' 

The  chief  ore  mineral 
is  cinnabar,  which  is 
often  closely  associated 
with  pyrite  or  its  oxida- 
tionproducts,  especially 
in  the  breccia  lodes. 
Calcite  is  the  most  im- 
portant ganguemineral. 
Gypsum  (probably  sec- 
ondary) is  common  and 
hydrocarbons  may  be 
present.  It  is  of  inter- 
est to  note  that  three 
new  minerals,  Terlinguaite,  Eglestonite,  and  Montroydite,  all  oxy- 
chloridea  of  mercury,  were  discovered  in  these  ores. 

The  ore  treated  in  the  furnaces  varies  from  .75  to  2.5  per  cent 
merciuy,  while  that  sent  to  the  retorts  runs  4  per  cent  or  over. 

Most  of  the  workings  are  open  pits,  there  being  few  shafts,  so  no 
definite  idea  of  the  undet^round  reserves  exists. 

Uses  of   Mercury.  —  The  most  important  use  of  quicksilver  is 

in  the  extraction  of  gold  and  silver  by  the  process  of  amalgamation 

(see  Gold  and  Silver).     Its  power 

of    forming  amalgams  with  other 

metals  makes  it  of  value  in  the  arts 

for  the  preparation  of  a  substance 

used  for  alvering  mirrors  and  for 

other    purposes.      Because    it   is 

liquid  at  ordinary  temperatures  it 

Fio.  233.  —  Section  or  cinnaUr  vein    Can  be  employed  in  the  manufao- 

in    liroeetooe.   Teriineua,  Tei.    ture   of   thermometers;   and    this 

Sun.,  BuU.  4.)  .       ^  .   1        1        .        L 

it  of  special  value  in  the  construc- 
tion of  mercunal  barometers.  In  medicine  mercury  is  used  in 
various  forms,  chiefly  as  calomel,  while  cinnabar  and  other  com- 
pounds of  mercury  are  valuable  in  the  manufacture  of  p^menta. 
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For  this  purpose  it  was  used  by  the  American  Indians  and  by  the 
other  early  races  of  people. 

Cinnabar  is  easily  decomposed  by  heat,  giving  off  when  heated  in 
air,  or  retorted  with  quicklime,  the  mercury  vapors  and  8uli>hur 
dioxide  in  one  case,  or  mercury,  calcium  sulphide,and  calcium  sul- 
phate in  the  other. 

The  mercury  is  collected  by  subsequent  condensation. 

Retorts  are  adapted  only  to  ores  carrying  4  per  cent  or  more  of 
mercury,  while  low-grade  ores  are  treated  in  shaft  furnaces,  some  of 
the  more  modem  ones  being  capable  of  treating  an  ore  running  as 
low  as  .25  per  cent  metal. 

Production  of  Mercury.  —  California  was  for  many  years  practi- 
cally the  only  domestic  source  of  mercury,  but  in  1898  Texas  became 
a  producer,  and  will  no  doubt  continue  so.  The  output  of  mercury 
is  quoted  in  flasks  of  76^  pounds  net.  That  of  California  since  1850 
has  been  as  follows : — 

Productign  of  Mercury  in  Caufornia  from  1850  to  1900  is 

Flasks  of  76  }4  Pounds 


1850 
1860 
1870 
1880 
1800 


7.723 
10.000 
30.077 
59.926 
22.926 


1900 26.317 

1905 24.635 

1906 20310 

1907 17.431 

1908 16.984 


Production  of  Quicksilver  in  the  United  States  in  1906  and  1908, 

IN  Flasks  of  75  Pounds 


Statb 

1906 

1907 

1908 

QUANTITT 

Valub 

QUANTITT 

Valui 

Valub 

Arisona  and 

Oregon^    .     .     . 
California     .     .     . 

Texas  

Utah        .... 

3 

20,310 
4,761 
1,164 

$109 

730,808 

178.829 

48,888 

17,431 

3,686 
450 

$662,544 

148,387 

18.000 

386 

16,084 

2,382 

$17,170 
664.716 
122.260 

26.238 

$958,634 

21.667 

$828,931 

19,752 

$824,146 

^  In  1906  Oregon  alone. 

The  average  price  per  flask  in  1907  was  $38.43  and  in  1908  it  was  S41.72. 

The  imports  in  1907  amounted  to  16,667  pounds,  valued  at  $6719, 
while  those  of  1908  amounted  to  15,113  pounds,  valued  at  $8216. 
The  exports  for  1907  were  5132  flasks,  valued  at  $192,094,  while 
those  for  1908  included  2996  flasks,  valued  at  $124,960.  The 
exports  went  to  nearly  all  parts  of  the  world. 
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World's  Production  op  QmcKsiLVER,  1907-1908,  in  Metric  Tons 


• 

Ck>UMTmT 

1007 

1908 

United  Btotes 

734 
610 
428 
130 
1,210 
2001 

672 

Austria 

630 

Italy 

Rufflria      ....     T     .......    . 

680 
40 

Soain 

1,065 

Mflzioo ---.. 

200  > 

3.307 

3206 

>  Partly  estimated. 
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CHAPTER  XXI 

MINOR  METALS  (Continued) 

ANTIMONY  TO  VANADIUM 
ANTIMONY 

Ore  Minerals.  —  Stibnite  (Sb2Ss)  is  the  most  important  ore  of 
antimony,  and  the  metal  is  rarely  obtained  from  any  other  mineral, 
although  native  antimony  has  been  sparingly  found.  The  oxide 
Senamumtite  (Sb20s)  seldom  occurs  in  any  quantity.  A  small 
amount  of  antimony  is  present  in  some  silver-lead  ores.  The  stib- 
nite, together  with  a  gangue  of  quartz,  and  sometimes  calcite,  usu- 
ally forms  veins  cutting  igneous,  sedimentary,  or  metamorphic 
rocks. 

Distribution  of  Antimony  in  United  States.  —  Antimony  has  been 
found  at  a  number  of  localities  in  the  Cordilleran  region,  but  the 
great  distance  of  the  deposits  from  the  railroad,  together  with  the 
fact  that  the  smelting  plants  are  located  in  the  East,  make  them  of 
little  commercial  value,  and  the  domestic  production  is  very  small 
and  irregular.  Thus  in  1908  some  ore  was  mined  and  sold  from 
Humboldt  County,  Nevada,  and  a  small  quantity  was  mined  at 
Burke,  Idaho,  but  was  not  sold. 

Many  gold  and  silver  ores  carry  some  antimony,  and  in  smelting 
it  combines  with  the  lead,  giving  a  product  known  as  antimonial 
lead,'  much  of  which  is  produced  in  the  United  States. 

The  large  amount  of  antimony  now  manufactured  in  the  United 
States  is  obtained :  (1)  as  a  by-product  from  the  smelting  of  foreign 
and  domestic  lead-silver  ores  containing  small  quantities  of  anti- 
mony; (2)  antimony  regulus,  or  metal  from  foreign  countries; 
(3)  foreign  ore. 

Very  little  has  been  published  regarding  the  occurrence  of  anti- 
mony ores  in  the  United  States.  Hess  has  described  some  deposits 
in  Arkansas  (4),  where  the  antimony  occurs  as  bedded  veins 
in  sandstones  and  shales,  with  a  quartz  gangue,  and  associated 

with   a    number    of    different    metallic    minerals.    The    deposits 
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are  of  doubtful  value,  except  possibly  when  high  market  prices 
prevail. 

Along  Coyote  Creek,  in  Garfield  County,  Utah  (5),  there  are 
found  fiat-lying  deposits  of  stibnite  and  its  oxidation  products  in 
Eocene  (Tertiary)  sandstone  and  conglomerates.  The  ore  in  sight 
is  all  low  grade,  although  some  rich  pockets  have  been  worked  out 
in  the  past. 

Uses.  —  Antimony  metal  is  used  chiefiy  in  the  manufacture  of 
alloys  of  lead,  tin,  zinc,  etc.  Type  metal,  which  is  an  alloy  of  lead, 
antimony,  and  bismuth,  has  the  property  of  expanding  at  the  mo- 
ment of  solidification.  Britannia  metal  is  tin  with  10  to  16  per  cent 
antimony  and  3  per  cent  copper.  Babbitt,  or  antifriction  metal 
consists  of  antimony  and  tin,  with  small  amounts  of  lead,  copper, 
bismuth,  zinc,  and  nickel.  Tartar  emetic,  a  potassium-antimony 
tartrate,  antimony  fluoride  and  ammonium  sulphide,  and  other 
double  salts  are  used  in  medicine  and  as  a  mordant  for  dyeing,  wliile 
antimony  persulphide  is  employed  for  vulcanizing  and  coloring 
rubber.  Antimony  trioxide  is  employed  as  a  substitute  for  white 
lead,  zinc  oxide,  etc.,  in  pigments.  It  is  also  used  in  a  glaze  for  coat- 
ing enameled  iron  ware,  as  a  reducing  agent  in  chemical  work,  and 
as  a  detector  of  alkaloids  and  phenols.  The  trichloride  is  used  in 
bronzing  gun  barrels,  in  coloring  zinc  black,  and  as  a  mordant  for 
patent  leather  and  silver.  Antimony  trisulphide  is  used  in  pyro- 
technics for  making  "Bengal  fire."  Antimony  chromate,  or 
"  Naples  yellow,"  is  used  for  coloring. 

Production  of  Antimony.  —  The  production  of  metallic  antimony 
from  domestic  and  foreign  ores  since  1903  was  as  follows :  — 

Production  op  Antimony  in  the  United  States,  1903-1907,  in  Short 

Tons 


Ybab 


1903 
1904 
1905 
1906 
1907 
1908 


COMTAINSD  IN  AMTIlfONIAL 

Lbad 


Quantity 


2.558 
2,571 
2.747 
1.362 
( 


[^ 


Value 


$445,092 
443,598 
588,354 

«  544.800 


Antimont  pboducbd  from 
forsiqn  and  domestic 
Orb 


Quantity 


»570 
>486 
493 
*404 
•351 
None 


Value 


$103,341 

61.926 

117,433 

58.149 

77,300 

None 


I  Exclusive  of  foreign  ores  imported  and  re-exported. 
*  Estimated  from  the  average  content  of  the  ore. 

>  Figured  as  60  per  cent  of  domestic  ores  only ;   direct  figures  from  the  smelters  could  not 
be  obtained.  *  Estimated  from  the  prices  current  for  the  year. 

'  Included  under  antimonial  lead. 
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In  1906  the  price  of  the  best  grade  of  antimony  reached  28  cents 
a  pound,  and  not  only  stimulated  the  search  for  ores  of  this  metal, 
but  started  preparations  for  working  some  of  the  known  deposits ; 
by  the  end  of  1907  thfe  price  had  dropped  to  9.5  cents,  and  the  west- 
em  ores  could  therefore  not  be  profitably  operated. 

Antimony,  Antimony  Orb,   and    Salts  of  Antimony  imported    akd 
entered  for  consumption  in  the  united  states,  1903-1908, 

IN  Pounds 


Year 

Mbtal  and  Rbqulus 

Cbudb  Antimony 
AND  Obbs 

Saivtb  of  Antimony 

TOTAI. 

Vai«cs 

Quantity 

Value 

Quantity 

Value 

Quantity 

Value 

1003    .     .     . 

1904  .     .     . 

1905  .     .     . 

1906  .     .     . 

1907  .     .     . 

1908  .     .     . 

4,694.309 
4.268.045 
4.941.247 
10,305,734 
9.600.901 
8,089,915 

$260,144 

248.726 

431.228 

1.391.289 

1,407,861 

771.206 

2.714.617 
2.488,518 
1,970,788 
1.972.658 
2,771,387 
3.287.218 

$54,316 
50.414 
53.026 
125.841 
180.903 
106.930 

916.468 
981.026 
1,010.228 
764.070 
682.192 
623.125 

$66,460 
70,668 
80,130 
99.251 
98,038 
65,898 

$380,929 

369.808 

664.384 

1,616,279 

1.686.802 

944.034 

RBFEREHCES  ON  AHTIMOHY 

1.  Blake,  U.  S.  Geol.  Surv.',  Min.  Res.,  188a<1884 :  641, 1885.  2.  Comstock 
Ark.  Geol.  Surv.,  Ann.  Rept.  for  1888,  1 :  136.  (Ark.)  3.  Min. 
Indus.,  2 :  13,  1894.  (General.)  4.  Hess,  U.  8.  Geol.  Surv.,  Bull. 
340:241,  1908.  (Ark.)  5.  Richardson,  Ibid.,  Bull.  340:253,  1907. 
(Utah.) 


ARSENIC 

Ore  Minerals.  —  Although  arsenic-bearing  minerals  are  widely 
distributed  in  many  countries,  the  commercially  valuable  occurrences 
are  few. 

The  minerals  which  may  serve  as  som'ces  of  arsenic  together  with 
their  composition  and  per  cent  of  arsenic  are :  Arsenopyrite  (FeAsS, 
46.02);  LoUingiie  (FeAsj,  72.8);  Orpimmt  (As2Ss,  60.96);  Realgar 
(AsjSj,  70.08) ;  Arsenolite  (AS2O8,  75.8). 

Of  these  the  first  is  the  most  important,  in  this  country  at 
least. 

Distribution  in  the  United  States.  — ^Little  has  been  published  on 
the  occurrence  of  arsenic  ores  in  the  United  States,  and  indeed  there 
appear  to  be  comparatively  few  discovered  deposits  of  commercial 
importance.  Many  gold,  copper,  and  other  ores  contain  small 
amounts  of  arsenic,  but  in  the  roasting  or  smelting  of  the  ore  most  of 
this  is  allowed  to  pass  up  the  stack.     Arsenopyrite  has  been  mined 
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in  Washington,  where  the  mineral  is  used  for  makiag  arsenious 
oxide.  The  ore  is  said  to  average  about  14  per  cent  arsenic,  .7 
ounces  gold  and  3  ounces  silver  per  ton  (2). 

In  Virginia  (4),  arsenppyrite  has  been  found  at  Rewald,  Floyd 
County.  The  material  occurs  as  a  series  of  lenses  in  quartz-sericite 
schist,  the  principal  lens  being  3  feet  at  the  surface,  but  thickening 
to  14  feet  at  a  depth  of  120  feet.  In  Rockbridge  Coimty,  in  the  same 
state,  the  arsenopyrite  is  found  in  association  with  pyrite  and 
cassiterite  in  quartz-greisen-bearing  tin  veins,  but  it  is  not 
worked. 

Arsenopyrite  and  subordinate  p3rrite  with  a  quartz  gangue,  form- 
ing a  series  of  parallel  stringers  in  gneiss,  close  to  a  basic  dike,  is 
found  near  Carmel,  Putnam  County,  N.  Y.  (5).  The  product  of  the 
mine  when  concentrated  averages  25  per  cent  arsenic. 

Many  of  the  California  gold  ores  are  said  to  be  arsenical,  and 
auriferous  sulphides,  realgar,  and  orpiment  are  mined  at  Monte 
Cristo,  Washington  (Hess). 

None  of  the  above-noted  occurrences  are  worked  steadily,  and 
in  1908  arsenic  was  produced  commercially  at  only  two  localities 
in  the  United  States.  One  of  these  was  at  Everett,  Washington, 
where  arsenic  was  made  from  arsenical  ores  mined  m  California  and 
Washington,  together  with  flue  dust  from  some  Utah  and  Montana 
smelters.  The  other  locality  was  at  Anaconda,  Montana,  where  the 
arsenic  was  recovered  from  the  flue  dust. 

Uses  of  Arsenic.  —  Arsenopyrite  is  used  chiefly  for  the  manufac- 
ture of  arsenious  oxide.  Arsenic  is  employed  m  medicine,  as  a  pig- 
ment, and  as  an  alloy  with  lead  for  making  shot.  Arsenious  oxide 
is  used  for  making  paris  green,  in  glassware  for  counteracting  the  iron 
coloration,  in  certain  enamels,  and  as  a  fixing  and  conveying  sub- 
stance for  aniline  dyes.  Realgar,  the  disulphide,  is  used  in  printing, 
tanning,  and  also  in  pyrotechnics,  since  it  bums  with  a  white  light. 
Orpiment  is  used  as  a  reducing  agent  in  chemical  work.  Potas- 
sium arsenite  is  of  value  as  a  reducer  for  silver  in  the  manu- 
facture of  mirrors,  while  the  arsenic  trioxide  is  useful  for  preserving 
skins. 

Production  of  Arsenic. — The  domestic  production  is  not  given 
by  the  United  States  Geological  Survey  for  1908,  as  there  were  only 
two  producers.  The  production  and  imports  from  all  sources  are 
given  on  the  next  page. 
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Production  and  Imports  of  Arsenic,  1906-1908 


IMPORTS 

Ybab 

Pbodugtion  of 
Whits  Abbbnic 

Whitb  Absbnic,  Mb- 

TALUC  ARABNIC.   AKD 

Arsbnic  Sulphides 

Paris  Gbbbn  amd 
London  Purpla 

Quantity 
(short 
tons) 

Value 

Quantity 
(short 
tons) 

Value 

Quantity 
(jpounda) 

Value 

1906 

1907 

1908 

737 
1.751 

$63,460 
163.000 

3.987 
5.164 
4.964 

$350,045 
574,998 
430,400 

311,293 
133.422 
195.000 

$21,347 
21,919 
30.764 

REFERENCES  ON  AJLSENIC 

1.  Min.  Indus.,  II :  25,  1894.  2.  Stnithers,  U.  S.  Geol.  Surv.,  Min.  Res. 
1903:321,  1904.  (General.)  3.  Merrill,  Non-metaJlie  Minerals, 
30,  1904.  4.  Watson,  Min.  Res.  Va.,  1907 :  210.  (Va.)  5.  New- 
land,  N.  Y.  St.  Mus.,  Bull.  120 :  12,  1908.  (N.  Y.)  6.  See  also  topic 
of  Arsenic  in  Mineral  Resources,  published  annually  by  U.  S.  Geological 
Survey,  and  Mineral  Industry. 


BISMUTH 

Ore  Minerals.  —  The  principal  ores  of  this  metal,  together  with 
the  percentage  of  metallic  bismuth  which  they  contain,  are :  Bis^ 
miUhinite  (Bi2S8,  81.2) ;  Bismite  (BiaOs,  96.6) ;  and  BismxUite 
(BiaOs,  CO2,  H2O,  80.6).  Although  all  of  these  contain  a  high  per- 
centage of  metallic  bismuth,  the  content  of  the  ore  as  mined  does 
not  usually  exceed  ten  or  fifteen  per  cent.  Bismuth  ores  are  com- 
monly associated  with  those  of  gold  and  silver,  and  the  metal  is 
obtained  as  a  by-product  in  the  smelting  of  these. 

Distribution.  —  There  are  many  scattered  occurrences  of  bismuth 
ores  throughout  the  Rocky  Mountain  states.  Some  of  the  gold  ores 
on  Breece  Hill  near  Leadville,  Colorado,  carry  as  much  as  5  to  8 
per  cent  bismuth,^  and  nearly  all  of  the  gold  ores  at  Goldfield, 
Nevada  (g.v.),  carry  this  metal,  partly  in  the  form  of  bismuthinite. 
Other  western  ores  also  carry  bismuth. 

Uses  of  Bismuth.  —  Bismuth  is  chiefly  valuable  on  account  of  the 
easily  fusible  alloys  which  it  forms  with  lead,  tin,  and  cadmium; 
the  melting  point  of  some  of  these  lies  between  64°  C.  and  94.5°  C. 
They  are  therefore  employed  in  safety  fuses  for  electrical  apparatus, 

^  George  Argall,  private  commuxiication. 
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safety  plugs  for  boilers,  dental  amalgams,  and  for  automatic  sprin- 
klers. Several  compounds  of  bismuth  are  of  value  in  medicine  and 
chemistry. 

Production.  —  Bismuth  is  produced  now  by  a  few  firms  in  the 
United  States,  and  the  output  may  increase  in  the  near  future. 

The  imports  of  metallic  bismuth  in  1908  amounted  to  164^793 
pounds,  valued  at  $257,397. 

REFBRENCBS  OH  BISMUTH 

See  scattered  articles  in  Mineral  Resources  of  U.  S.  G(eologioal  Survey, 
and  Mineral  Industry  (N.  Y.). 

CADMIUM 

The  chief  ore  mineral  of  c.admium  is  Greenockite  (CdS),  but  no 
deposits  of  this  mineral  are  known,  and  the  main  source  of  it  is 
cadmiferous  zinc  ore.  Greenockit.e  occurs  in  the  JopUn,  Missouri, 
district  as  a  greenish  yellow  coating  on  sphalerite,  being  a  secondary 
deposit  which  has  been  caused  by  the  decomposition  of  cadmium- 
bearing  blende  in  the  upper  part  of  the  ore  body,  and  the  precipita- 
tion of  the  sulphide  at  lower  levels.  The  average  percentage  in 
several  thousand  shipments  from  the  Joplin  district  was  .358  per 
cent.  The  table  on  page  544  gives  the  analyses  of  a  number  of 
samples  of  Missouri  ore  and  their  cadmium  contents. 

The  calamine  ores  from  Hanover,  New  Mexico,  also  contain 
cadmium  in  sufficient  quantity  to  give  a  yellow  tint  to  the  zinc 
oxide  made  from  them. 

Since  1907  cadmium  has  been  produced  in  the  United  States  by 
one  company  at  Cleveland,  Ohio.  It  is  obtained  from  zinc  ores 
and  its  production  appears  to  have  caused  a  strong  drop  in  the 
quantity  imported.  This  is  well  shown  by  the  fact  that  the  imports 
for  1907  amounted  to  13,808  pounds  valued  at  $10,522,  while  those 
for  1908  were  1953  pounds  valued  at  $1633. 

Uses  of  Cadmium.  —  Cadmium  is  used  chiefly  by  manufacturers 
of  silver  ware,  since  the  addition  of  only  .5  per  cent  imparts  mallea- 
biUty  to  the  alloy  and  prevents  the  formation  of  blisters.  While 
cadmium,  like  bismuth,  reduces  the  melting  point  of  the  alloys  into 
which  it  enters,  it  also  produces  more  malleable  and  ductile  ones 
in  most  cases,  gold,  platinum,  and  copper  being  an  exception. 
Dental  amalgam  has  26  per  cent  cadmium  and  74  per  cent  mercury. 
The  salts  of  cadmium  are  used  in  dentistry,  dyeing,  glass  making, 
photography,  and  pyrotechnics. 
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Analysis  of  Cadmifsrous  Zinc  Blendbs 
(W.  George  Waring,  analyst.) 


Ors 


Sphinx  mine,  Neck 
City,  Mo 

Ore  from  Golconda,  111. 

Standard  mine.  For-" 
tuna.  Mo 

Maude  B.  mine,  Webb 
City.  Mo 

Big  Six  mine,  Aurora, 
Mo 

McKinley  mine,  Pros- 
perity, Mo 

Hudson  mine.  Pleasant 
Valley,  Mo.      .     .     . 

Underwriters*  mine, 
Webb  City,  Mo.  .     . 

Blende  from  Kentucky 
fluorspar  mines     .     . 

Average  of  2270  car- 
loads from  Webb 
City,  Mo..  1902    .     . 

Average  percentage  of 
cadmium  in  10,906 
shipments,  mostly 
carload  lots      .     .     . 


ZXNO 


65.77 
60.55 

61.97 

55.70 

56.75 

57.20 

62.05 

57.95 

53.50 

57.08 


Ibon 


0.55 

1.18 

.55 
4.90 
1.88 
1.25 

.61 

• 

1.60 

.77 

2.60 


Lead 


0.00 

.51 

.815 

Trace 

None 

5.29 

None 

1.62 

.76 

.90 


COPPBB 


0.077 
.046 

.133 
Trace 

.004 
None 

.030 

None 
.050 


Caomivm 


0.136 

.no 

.436 
.227 
.018 
.550 
.322 
.710 
.211 

.337 
.358 


REFERENCES  ON  CADMIUM 

1.  Siebenthal,U.S.aeol.Surv.,Min.  Res.,  1908.   (General.)    2.  Branner, 
Ark.  Geol.  Surv.,  Ann.  Kept.,  1892,  V,  1900. 


CHROMIC  IRON  ORE 

Ore  Minerals.  —  Chromite  (FeO,  Cr203)  is  the  chief  source  of  the 
compounds  of  the  metal  chromium  which  are  used  in  the  arts.  This 
ore  occurs  sometimes  in  alluvial  deposits,  but  more  commonly  in 
basic  magnesian  rocks,  notably  serpentine. 

A  number  of  other  minerals  contain  chromium,  but  they  are  not 
of  commercial  importance. 

Origin  of  Chromite.  —  It  has  been  pointed  out  by  Pratt  (4)  that 
chromite  occurs  most  commonly  around  the  border  of  basic  magne- 
sian rocks  of  igneous  origin.  This  is  believed  to  indicate  that  the 
chromium  existed  in  the  original  molten  rock,  and  that,  as  this  basic 
magma  cooled,  the  chromite,  being  one  of  the  earliest  minerals  to 
crj'^stallize,  separated  out  along  the  border  of  the  mass  because  this 
portion  was  the  first  to  cool.    As  the  cooling  proceeded,  convection 
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currents  within  the  molten  mass  would  bring  additional  supplies 
to  the  border. 

Analyses  (5).  —  The  following  table  gives  the  composition  of 
several  of  the  types  of  chromic  iron  ores :  — 


COLBRAINB, 

Fbancb 

Can., 

Concentrated 
Product 

Asia 
Minor 

Sttbia 

Calif. 

Russia 

CtjOs     .     . 

37.00 

53.64 

53.00 

53.00 

42.20 

59.00 

SiOa.     .     . 

2.53 

2.31 

2.15 

2.50 

5.48 

2.20 

AlsOs     .     . 

13.15 

14.02 

7.62 

8.00 

13.60 

10.00 

MgO      .     . 
Feb  .     .     . 

12.53 

15.75 

13.31 

11.58 

14.88 

11.62 

34.79 

11.47 

24.92 

24.92 

23.84 

18.18 

CaO .     .     . 

2.81 

The  price  of  chromic  iron  ore  is  based  on  its  percentage  of  chromic 
oxide,  the  standard  ore  containing  50  per  cent.  Every  unit  above  this  is 
valued  at  from  75  cents  to  $1  per  ton ;  but  when  the  percentage  is  below 
50  per  cent,  the  value  decreases  at  an  even  greater  rate.  However,  ores 
carrying  only  45  per  cent  of  chromic  oxide  are  easily  marketable.  Low 
silica  is  desirable. 

Distribtttion  in  the  United  States.  —  Chromite  mining  is  an  indus- 
try of  very  little  importance  in  the  United  States,  because  the  depos- 
its, though  widespread,  are  rarely  of  workable  size.  The  ore  was  for 
a  time  obtained  from  Chester  and  Delaware  counties,  Pennsylvania, 
and  Baltimore  County,  Maryland,  and  the  exhaustion  of  these  depos- 
its was  followed  by  the  opening  of  others  in  San  Luis  Obispo  County, 
California.  Subsequently  the  importation  of  Turkish  and  Russian 
chromite  commenced,  followed  by  additional  supplies  from  Canada 
and  Newfoundland.  This  foreign  chrome  iron  ore,  especially  the 
Turkish,  can  be  placed  on  the  American  market  so  cheaply  that 
there  has  been  little  development  of  our  own  deposits.  The  impor- 
tation of  chromic  iron  ore  from  New  Caledonia  is  also  increasing. 

The  only  deposits  in  California  (6)  which  are  at  present  operated 
are  those  on  Shot  Gun  Creek  in  western  Shasta  County.  The  ore, 
which  occurs  in  serpentine,  forms  a  series  of  five  lenses,  containing 
from  200  to  1500  tons  each,  and  connected  by  vein-like  stringers  in 
a  nearly  vertical  shear  zone.  The  ore  analyzes  43.87  Cr^Os  and 
15.86  FeO. 

Deposits  of  chromite  are  known  to  occur  in  the  serpentine  of  south- 
em  Pennsylvania  and  northern  Maryland ;  also  in  the  peridotites 
(dunite)  of  western  North  Carolina.     They  are  of  no  commercial 
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importance  at  the  present  time.  A  promising  deposit  is  said  to 
have  been  discovered  in  Deer  Creek  Cafion,  Converse  Coimty,  Wyo- 
ming (6). 

Uses.  —  Metallic  chromimn  has  no  direct  use ;  but  raw  chromite 
and  chromium  salts  have  a  variety  of  applications.  Owing  to  its 
great  heat-resisting  qualities,  chromite  is  employed  in  the  manufac- 
ture of  refractory  bricks.  Such  bricks  are  sometimes  used  for  linini; 
basic  open-hearth  furnaces,  and  as  a  hearth  lining  for  water-jacket 
furnaces  in  copper  smelting.  They  stand  rapid  changes  of  tempera- 
ture well,  and  are  not  attacked  by  molten  metals. 

In  the  presence  of  carbon,  chromiimi  makes  steel  extremely  hard 
and  resistant  to  shocks ;  therefore  chrome  steel  is  suited  to  a  variety 
of  uses,  as  in  the  manufacture  of  plates,  hard-edged  tools,  etc.  An 
alloy  of  iron  and  chromium  is  used  in  armor  plates,  alloys  of  ferro- 
chromium  and  ferronickel  being  added  to  the  molten  steel  before 
casting.  Most  of  the  chromite  mined  is  used  for  pigments  because 
of  the  red,  yellow,  and  green  color  of  its  compoimds,  chromate  and 
bichromate  of  potash.  In  these  forms  the  substance  is  employed 
in  dyeing,  calico  printing,  and  the  making  of  pigments  useful  in 
painting,  printing  wall  papers,  and  coloring  pottery.  Alkaline 
bichromates  are  employed  for  tanning  skins,  and  some  chromium 
salts  have  a  medicinal  value. 

Production  of  Chromite.  —  The  amount  of  chromite  produced  in 
the  United  States  is  small,  and  in  1903  California  was  the  only  source 
of  supply.    The  production  for  several  years  was  as  follows :  — 


PBODnCTION    OF   ChROMITE    IN   THE    UNITED    STATES    FROM    1904    TO    1908 


Ybab 


1904 
1905 
1906 
1907 
1908 


QUANTITT 

Loxo  Tons 


123 
22 
107 
290 
359 


Valus 


$1,846 

376 

1.800 

5.640 

7,230 


The  value  of  the  imports  for  the  last  three 

years  was : 

Ybab 

Chromats  and 

BiCHROlfATB 
or   POTAAH 

Chromic 
Acid 

CHBom 
Orb 

Total 

1906 

1907 

1908 

$2,124 

1.307 

15,453 

$331 
403 
708 

$557,594 
491,925 
345,960 

$560,049 
493.035 
362.121 
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MOLYBDENUM 

Ores  and  Occurrences.  —  Molybdenite  (M0S2)  and,  less  commonly, 
Wvlfenite  (PbMoOO  are  the  chief  sources  of  this  metal. 

Molybdenite  forms  irregular  masses  or  disseminations  in  crystal- 
line rocks,  and  many  occurrences  are  known  in  the  West,  for  example 
in  California,  Washington,  Montana,  Utah,  Arizona,  New  Mexico, 
and  in  the  East,  in  Maine.  Wulfenite  is  found  in  the  oxidized  zone 
of  lead  ores  in  a  number  of  western  states.  An  ore  to  be  marketable 
must  contain  over  45  per  cent  of  molybdenum  and  be  free  from  cop- 
per, the  average  price  of  a  50  to  55  per  cent  ore  being  about  $400 
per  ton. 

Uses.  —  Its  chief  use  is  in  the  manufacture  of  chemicals,  especially 
ammonium  molybdate,  and  for  coloring  porcelain  green.  A  nickel- 
molybdenum  alloy  is  also  made.  The  use  of  molybdenum  for  hard- 
ening steel  is  increasing,  it  being  used  chiefly  for  tool  steel. 

Production  of  Molybdenum.  —  The  production  of  molybdenum 
is  small.  No  sales  were  reported  for  either  1907  or  1908,  but  a  small 
amount  was  mined  in  Washington  in  the  former  year. 

REFERENCES  ON  MOLYBDENUM 

1.  Crooks,  Bull.  Geol.  See.  Amer.,  XV :  283,  1904.  (N.  Y.)  2.  Pratt, 
U.  8.  Geol.  Surv.,  Min.  Res.,  1903 :  307, 1904.  (General.)  3.  Smith, 
U.S.  Geol.  Surv.,  Bull.  260:197,1905.  (E.  Me.)  4.  Hess,  U.S. 
Geol.  Surv.,  Bull.  340:231,  1908.  (Me.,  Utah,  Calif.)  5.  Basker- 
ville,  Eng.  and  Min.  Jour.,  LXXXVI :  1055,  1908. 
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NICKEL  AND  COBALT 

Ore  Minerals.  —  These  two  metals  can  best  be  treated  together, 
for  nearly  all  the  ores  containing  the  one  are  apt  to  carry  some  of  the 
other,  and  furthermore,  in  smelting,  the  two  metals  go  into  the 
same  matte,  and  are  separated  later  in  the  refining  process. 

The  ore  minerals  of  nickel  and  cobalt,  of  recognized  occiurence  in 
the  United  States  and  Canada,  together  with  their  composition 
and  the  percentage  of  nickel  or  cobalt  they  contain,  are :  — 


Orb 

Composition 

Ni 

Co 

IVrrhotite    (nickeliferous)    . 

Millerite 

Pentlandite 

Genthite 

Niccolite 

linnsBite 

Chloanthite 

Smaltite 

Cobaltite 

Erythrite  (Cobalt  bloom)    . 
Aimabergite  (Nickel  bloom) 

FeiiSi2 

NiS 

(FeNi)S 

2Ni02,  2MgO,  3Si02,  6H2O 

NiAS 

(CoNi)8S4 

NiAs2 

C0AS2 

C0S2,  CoAs2 

C08A82O8  +  8  H2O 

NisAs208+8H20 

0-6 
64.6 
22 

22.46 
43.9 
30.53 
28.1 

21.34 

28.1 
35.4 
37.47 

Of  the  above  some  occur  only  in  email  amounts  as  Millerite,  Pentlandite, 
Genthite,  and  Chloanthite. 

Others  not  of  importance  on  this  continent  are  Gamierite,  Pimelite,  and 
Schuchardite,  hydrated  nickel  magnesium  silicates  of  variable  composition, 
but  containing  up  to  25  per  cent  NiO ;  also  Gersdorffite  (NiAsS,  35.4  per 
cent  Ni). 

The  nickeUferous  pyrrhotite  is  the  most  widely  distributed  of  the 
nickel  ore  minerals  and  may  carry  small  amounts  of  cobalt.  It  is 
also  called  magnetic  pyrites.  The  percentage  of  nickel  ranges  from 
a  trace  to  6  per  cent,  but  an  increase  above  this  brings  it  into  pent- 
landite. The  millerite  is  sometimes  foimd  associated  with  pyrrho- 
tite ores. 

Distribution.  —  Very  Uttle  direct  mining  for  nickel  and  cobalt  is 
done  in  the  United  States,  but  at  Mine  la  Motte,  Missouri,  consider- 
able quantities  have  been  obtained  annually  as  a  by-product  in  lead 
mining. 

Missouri,  — The  ore  at  Frederickstown,  Missouri,  is  a  miicture  of 
chalcopyrite,  galena,  linnaeite,  and  pyrite.  The  lead  is  removed 
as  far  as  possible  in  concentration,  and  the  iron  by  roasting  and 
magnetic  separation.    The  resulting  concentrate  is  smelted  (13). 
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Eastern  Occurrences  of  Nickel.  —  The  Gap  Nickel  Mine,  Lancas- 
ter County,  Pennsylvania,  is  the  most  important  eastern  occurrence. 
It  was  actively  worked  from  1863  te  1880,  being  during  that  period 
the  only  nickel  ore  mined  on  tliis  continent.  In  1902  the  mine  was 
again  operated  for  a  short  time.  The  ore  is  pyrrhotite  associated 
with  amphibolite,  an  altered  intrusive,  the  whole  inclosed  by  mica- 
schist.  The  pyrrhotite  is  believed  to  have  originated  by  magmatic 
segregation  (9). 

Nickel  has  been  reported  from  a  nmnber  of  localities  in  the 
Piedmont  region  of  Virginia  (14),  especially  in  association  with 
the  pjorhotite  bodies  of  the  Floyd-Carroll-Grayson  counties 
plateau  in  southwest  Virginia,  as  well  as  at  several  other  points. 
No  steady  production  has  been  made,  but  the  locality  in  northern 
Floyd  County  is  encouraging.  There  the  ore  which  occurs  in  a 
mica  gabbro  is  said  to  average  1.75  per  cent  nickel,  and  under 
1  per  cent  of  copper.  Cobalt  is  usually  very  low.  Nickel  minerals 
have  also  been  found  in  the  basic  magnesian  rocks  of  North  Carolina. 

Western  Occurrences,  —  Depasits  of  nickel  and  cobalt  ores  are 
known  in  Idaho  and  Oregon,  but  they  have  not  yet  assumed  impor- 
tance. 

The  only  production  in  1907  was  near  Prairie  City,  Grant  County, 
Oregon,  but  the  deposits  which  have  attracted  the  most  attention 
from  time  to  time  are  those  of  Rney  or  Nickel  Moimtain  near  Rid- 
dles (8),  Douglas  County,  in  the  same  state. 

The  ore,  which  is  genthite  in  a  quartz  gangue,  occurs  as  flat-lying 
deposits  on  the  surface  of  post-Cretaceous  pre-Eocene  peridotite, 
or  as  veinlets  in  the  peridotite  and  serpentine.  The  former  deposits 
occur  as  brecciated  and  conglomeratic  masses,  and  consist  of  silica, 
nickel  siUcate,  ferric  oxide,  and  serpentine  with  very  subordinate 
chromite.  Prolonged  weathering  in  some  cases  has  removed  the 
nickel. 

It  is  thought  that  the  genthite  represents  a  decomposition  prod- 
uct of  the  peridotite,  for  nickel  is  found  in  the  fresh  rock.  The 
hydrated  nickel-magnesian  siUcates  and  silica  formed  by  weathering 
were  subsequently  in  part  dissolved  and  carried  down  into  crevices 
of  the  underlying  peridotite.  Such  a  theory  limits  the  depth.  If 
formed  by  ascending  hot  waters,  as  some  believe,  a  greater  depth 
would  be  assured. 

^  Canadian  Occurrences.  —  Canada  is  the  most  important  source 
of  the  nickel  and  cobalt  ores  in  North  America,  and  much  of  the 
mine  production  is  shipped  to  the  United  States  for  treatment  and 
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consumption.  It  ia  therefore  of  interest  to  refer  to  the  two  impor- 
tant producing  localities,  viz.  Sudbury  and  Cobalt,  both  in  the  prov- 
ince of  Ontario, 

Sudbury,  Orttario  (1, 2,  3,  4,  5).  —  This  district  is  the  main  source 
of  supply  for  the  nickel  used  on  this  continent. 

The  ore  bodies  are  found  at  or  near  the  mai^n  of  a  huge  lacco- 
lithic  sheet  of  eruptive  rock  about  1  \  miles  thick,  36  miles  loi^,  and 
17  miles  wide,  the  geological  section  involving  a  series  of  pre-Cam- 
brian  rocks,  as  shown  below. 

Pleistocene  Sand  and  clay 

{Latest  granite  dikea 
Olivine  diabase  dikea 
Granite 
Sudbury  nickel-bearing  eruptive 
I  Chelmsford  sandstone 
Onwatin  slate 
Onaping  tuS 
Trout  uike  conglomerate 
ILfturentian      Qranitoid  gneiss 
(Acid  and  basic  Huroniaa  eruptives 
Huronian        5*"^^^^!^  graywaoke  conglomerate 
lUopper  uliff  arkoae 
[McKim  graywaoke 

Reference  to  the  section  (Fig.  235)  will  show  that  the  nickel- 
bearing  laccolith  rests  on  ancient  crystallines  and  is  covered  by 
metamorphosed  Animikie  sediments;  that,  moreover,  the  underlying 


'  Geologic  map  of  Sudbtuy,  Ont.,  nickel  diBtrict.       (AJltr  Cotsmon.) 
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and  overlying  formations  are  bent  into  a  great  canoenshaped  trough 
or  basin. 

As  shown  by  the  section  (Fig.  235),  the  laccolith  rests  on  ancient 
crystallines  and  is  covered  by  metamorphosed  Animikie  sediments. 

The  intrusive  where  fresh  is  a  norite  on  its  outer  border  or  lower 
part,  and  passes  by  insensible  gradation  into  a  granite  on  its  inner 
edge  (Fig.  235). 

J 
1 
I 


l«il«'kl 


^^" 


Fig.  236.  —  Greologic  section  of  Sudbury,  Ont.»  nickel  district.     (After  Coleman.) 

Coleman  believes  that  following  the  eruption  of  the  nickel  magma 
there  was  a  long-continued  process  of  segregation,  resulting  in  an 
accumulation  of  the  more  basic  elements  of  the  molten  mass  in  its 
lower  part,  and  the  more  acid  elements  in  its  upper  portion,  the 
sulphides  sinking  into  the  depressions  of  the  Archsean  substratum. 
The  collapse  of  the  underlying  Archaean,  due  to  the  upflow  of  the 
magma  from  underneath,  is  supposed  to  have  caused  a  sinking  of  the 
overlying  rocks,  and  formation  of  the  trough.  The  ore  bodies  occur 
only  in  the  norite,  around  its  margin,  or  in  some  of  the  dike-like 
offsets. 

The  ores,  which  are  of  remarkably  uniform  character,  consist 
mainly  of  pjrrrhotite,  chalcopyrite,  and  pentlandite,  and  though  the 
last  is  important,  it  is  rarely  visible  to  the  naked  eye.  Variations 
in  the  proportions  of  these  three  may,  however,  occur.  Thus,  in  the 
Copper  Cliff  mine,  the  percentages  were  4.65  Cu  to  4.46  Ni  one  year, 
while  in  another  they  were  7.81  Cu  to  2.37  Ni. 

The  ore  bodies  are  sometimes  found  on  the  margin  of  the  eruptive, 
and  have  a  foot  wall  of  the  older  rocks,  but  an  ill-defined  han^ng 
wall.  These  form  irregular  sheets  dipping  towards  the  synclinal  axis. 
Others,  of  irregular  shape,  are  found  in  the  dike-like  projections  of 
the  basic  edge. 

Several  theories  have  been  advanced  to  account  for  the  origin 
of  these  ore  bodies.  Coleman  believes  the  ore  is  of  magmatic  origin 
because  (1)  it  is  everywhere  associated  with  norite,  and  grades  into 
it.    (2)  The  adjoining  rocks  are  never  spotted  with  ore,  and  sepa- 
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rated  bodies  of  ore  are  never  inclosed  in  them,  but  veinlets  of  ore  may 
penetrate  them.  (3)  There  is  little  evidence  of  hydrothermal  or 
pneumatolytic  action,  such  as  one  might  expect  if  the  deposits  were 
other  than  magmatic  segregations.  (4)  The  largest  bodies  are  in 
the  offsets,  which  represent  the  lowest  portions  of  the  laccolith,  and 
into  which  the  ore  would  naturally  settle.  Barlow,  who  has  also 
made  a  somewhat  careful  study  of  this  district,  concurs  with  Cole- 
man regarding  the  origin  of  the  ore  by  magmatic  segregation.  It 
is,  of  course,  not  improbable  that  the  ore  bodies  have  been  rear- 
ranged somewhat  later  by  circulating  water. 

At  some  variance  with  these  views  are  those  expressed  by  Dick- 
son (6).  His  theory  is  that  the  ore  occurs  as  a  cement  for  brecciated 
rock  fragments  and  along  shearing  planes  which  are  of  pre-mineral 
age,  the  ore  minerals  having  been  deposited  by  solutions  and  by  a 
process  of  replacement.  This  view  seems  to  be  confirmed  by  the 
examination  of  the  minerals  of  this  district  by  metallographic 
methods,  which  show  the  following  order  of  succession :  (1)  Mag- 
netite, (2)  Silicate,  (3)  Pyrrhotite,  (4)  Pentlandite,  (5)  Chalcopyrite. 

According  to  Coleman,  the  percentage  of  sulphides  in  the  ores 
varies  from  50  to  80,  while  the  nickel  contents  ranges  from  1.5  to 
5  per  cent.  The  cobalt  is  present  in  amounts  varying  from  ^  to 
yJ^  of  the  nickel  present. 

An  analysis  of  a  high-grade  matte  gave:  NiCo,  48.82;  Cu, 
25.92;  Fe,  2.94;  S,  22.50;  A\i,  .02  oz. ;  Ag,  3.14  oz. ;  Ft,  .13;  Ind., 
.02 ;  Os,  .02 ;  Rh  and  Fal.,  tr. 

Cobalt y  Ontario  (10).  —  The  silver-cobalt-nickel  veins  found  at 
this  locality  present  one  of  the  most  remarkable  series  of  ore  deposits 
found  in  recent  years,  and  have  their  analogue  only  in  certain  foreign 
occurrences.  The  district  lies  near  the  boundary  of  the  provinces 
of  Ontario  and  Quebec,  and  west  of  the  northern  end  of  Lake  Temis- 
kaming. 

The  ores  occur  in  mostly  well-defined  veins,  which  range  from  less 
than  an  inch  to  as  much  as  a  foot  or  more  in  thickness,  and  occupy 
narrow,  almost  vertical  fissures  or  joints,  cutting  through  a  series 
of  slightly  inclined  metamorphosed  fragmental  rocks  of  I-ower 
Huronian  Age.  Some  are  also  found  in  the  diabase  and  Keewatin, 
although  these  last  two  are  never  so  productive. 

The  geological  section  at  this  locality  is  as  follows ; — 

1.  Glacial  drift. 

2.  Niag:ara  limestone. 

3.  Post-middle  Huronian  diabase,  forming  sheets  and  sills. 
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4.  Middle  Huronian  arkoses,  oonglomerates,  and  quartzites. 

5.  Lower  Huronian  conglomerate,  graywacke  slate,  and  conglomerate, 

laid  down  after  an  erosion  interval,  on  the  uneven  Keewatin  floor, 
and  not  less  than  500  feet  in  thickness. 

6.  Keewatin  igneous  complex  of  diabase  and  related  rocks,  together  with 

granite  porphyry,  etc.    The  formation  has  been  folded  and  after- 
wards intruded  by  granite. 

The  important  ores  are  native  silver,  smaltite,  and  cobaltite,  but 
associated  with  them  in  varying  quantities  are  niccolite,  chloanthitey 
millerite,  argentite,  dycrasite,  pyrargyrite,  arsenopyrite,  etc.  The 
oxidized  zone,  which  is  usually  but  a  few  feet  in  depth,  shows  native 
silver,  erythrite  (cobalt  bloom),  and  annabergite  (nickel  bloom). 
Calcite  is  the  chief  gangue  mineral,  quartz  being  much  less  common. 

W.  G.  Miller  (10),  who  has  given  more  careful  study  to  this  region 
than  any  one  else,  beUeves  that  the  ore  was  deposited  by  highly 
heated  impure  waters  circulating  through  cracks  and  fissures  follow- 
ing the  post-middle  Huronian  diabase  eurption.  The  metals  may 
have  been  brought  up  by  these  waters  from  a  great  depth,  or  they 
may  have  been  leached  out  of  the  now  folded  and  disturbed  green- 
stones and  other  Keewatin  rocks.  He  inclines  to  the  theory,  how- 
ever, that  the  diabase  magma  was  the  source  of  both  the  cobalt- 
nickel  minerals  and  the  silver. 

The  cobalt  arsenides  were  probably  the  first  minerals  deposited, 
and  this  was  followed  by  a  slight  disturbance  of  the  veins,  resulting 
in  the  formation  of  cracks  and  openings  in  which  the  silver  and  later 
minerals  were  deix)sited.  Veins  which  escaped  this  latter  disturb- 
ance contained  no  silver.  Many  of  the  veins  of  this  district  are 
fabulously  rich,  but  all  are  not  so.  As  an  example  of  the  former,  an 
open  cut  on  the  Trethewey  vein,  80  feet  long  and  25  feet  deep,  yielded 
$200,000  of  ore  from  an  8-inch  vein.  A  shipment  of  80  tons  of  this 
ore  gave  approximately :  As,  38  per  cent ;  Co,  12  per  cent ;  Ni, 
3.5  per  cent;  and  190,000  ounces  silver.  Pay  was  received  only 
for  the  cobalt  and  silver. 

The  veins  at  Cobalt  are  unique  among  North  American  ones, 
but  resemble  those  of  Annaberg,  Joachimsthal,  and  other  localities. 

The  discovery  of  these  deposits  was  made  in  building  the  Tem- 
iskaming  and  Northern  Railroad,  and  their  development  has  made 
Ontario  one  of  the  leading  silver  producers  of  the  world.  Moreover, 
it  practically  controls  the  world's  supply  of  cobalt,  and  the  arsenic 
shipped  from  the  Cobalt  camp  equals  about  one  half  of  the  world's 
production,  but  much  of  it  is  not  saved. 
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Milling  plants  have  recently  been  installed  for  concentrating  the 
lower-grade  ores.  The  ores  are  treated  in  part  in  the  United  States, 
but  there  are  now  plants  erected  for  this  purpose  at  Copper  Cliff, 
Deloro,  and  Thorold,  Ontario. 

Uses  of  Nickel.  —  The  most  important  and  increasing  use  of 
nickel  is  for  the  manufacture  of  nickel  and  nickel-chromium  steel. 
This,  on  accoimt  of  its  great  hardness,  strength,  and  elasticity,  is  used 
for  making  armor  plate,  gun  shields,  turrets,  ammimition  hoists, 
etc.  Krupp  steel,  which  may  be  taken  as  a  type,  has  approximately 
3.5  per  cent  nickel,  1.5  per  cent  chromium,  and  .25  per  cent  carbon. 
Owing  to  its  abrasive  resistance,  nickel  steel  is  now  much  used  for 
rails.  Other  important  uses  are  for  large  forgings,  marine  engines, 
wire  cables,  and  electrical  apparatus.  A  steel  with  25  to  30  per  cent 
nickel  shows  high  resistance  to  corrosion  by  salt,  fresh  or  add  waters, 
or  by  superheated  steam.  German  silver  is  an  alloy  of  zinc,  copper, 
and  nickel.  Monel  metal  is  an  alloy  containing  68  per  cent  nickel, 
1.5  per  cent  iron,  and  30.5  per  cent  copper. 

Uses  of  Cobalt.  —  Cobalt  steel,  while  having  a  high  elastic  limit 
and  breaking  strength,  cannot  compete  with  nickel  steel  on  account 
of  its  high  cost,  and  the  main  use  for  cobalt  is  as  a  pigment,  it  being 
used  to  color  glass  and  pottery. 

Production.  —  The  production  of  nickel  from  domestic  ores  and 
cobalt  oxide  in  the  United  States  from  1892  to  1901  was : — 

Production  op  Nickel  and  Cobalt  from  Domestic  Ores 


YSAB 


1892 
1895 
1900 
1901 
1902 
1903 
1904 
1908 


Nickel 


Quantity 
PoundB 


92,252 

10,302 

9,715 

6,700 

6,748 

114,200 

24,000 

500.000 


Value 


$50,739 

3,091 

3.886 

3.551 

2,701 

45,900 

11.400  *■ 

250.000  > 


Ck>BALT   OXIOJB 


Quantity 
Pounds 


7.8d9 
14.458 

6.471 
13.360 

3.730 

120.000* 

22.000* 


>  This  is  the  last  year  for  which  separate  production  is  given. 

'  Including  cobalt  oxide  in  ore  and  matte.  '  Mineral  Industry,  XVII. 


The  imports  of  cobalt  oxide,  etc.,  in  1908  were  219,098  pounds, 
valued  at  $17,077,  while  the  total  value  of  the  nickel  ore  matte,  etc., 
imported  in  the  same  year  was  $2,497,895.  The  exports  of  nickel 
oxide  and  matte  in  1901  were  $3,297,988. 
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RBFBRBNCES  ON  IHCKEL  AlfD  COBALT 

1.  Barlow,  Can.  Geol.  Surv.,  Ann.  Rept.  XIV,  Pt.  H,  1904.  (Ontario.) 
2.  Barlow,  Econ.  Geol.,  1:454,  545,  1906.  (Sudbury.)  3.  Browne, 
Eoon.  Geol.,  1:467,  1906.  (Sudbury.)  4.  Campbell  and  Knight, 
Eoon.  Geol.,  II :  351,  1907.  (Microstruoture  of  niekeliferous  pyrrho- 
tites.)  5.  Coleman,  Ont.  Bur.  Mines,  Ann.  Rept.  XIV,  Pt.  3.  (Sud- 
bury.) 6.  Dickson,  Amer.  Inst.  Min.  Engrs.,  Trans.  XXXrV:3, 
1904.  (Ontario.)  7.  Hodges,  Amer.  Inst.  Min.  Engrs.,  Trans.  XIII : 
657,  1885.  (Nev.)  8.  Kay,  U.  S.  Geol.  Surv.,  Bull.  315 :  120,  1907. 
(Ore.)  9.  Kemp,  Amer.  Inst.  Min.  Engrs.,  Trans.  XXIV :  620,  1895. 
(Pa.)  10.  Miller,  Ont.  Bur.  Mines,  Rept.  1907,  Pt.  II,  1908.  (Co- 
balt, Ont.)  11.  Neill,  Amer.  Inst.  Min.  Engrs.,  Trans.  XIII:  634, 
1885.  (Mo.)  12.  Argall,  Colo.  Sci.  Soc,  Proc.  IV,  1893.  (General 
on  nickel.)  13.  See  annual  reports  on  Mineral  Resources,  U.  S.  C^eo- 
logical  Survey.    14.  Watson,  Min.  Res.  Va.,  1907  :  578.    (Va.) 

PLATINUM   GROUP   OF   METALS 

Platinum.  —  The  ores  mineral  of  platinum  are  Native  platinum 
(100  per  cent  R)  and  Sperrylite,  FtAS^  (56.5  per  cent  Pt).  The 
former  is  commonly  found  in  placer  deposits,  but  it  has  also  been 
noted  in  basic  igneous  rocks  rich  in  olivine,  such  as  peridotite,  or  in 
serpentine  derived  from  it.  The  sperrylite  never  occurs  in  large 
quantities,  but  has  been  found  in  association  with  nickel  and  cop- 
per ores.  Iridosmine  and  osmiridium  axe  also  known  to  carry 
platinum. 

The  nuggets  found  in  placers  are  commonly  regarded  as  being 
pure  native  platinum,  but  this,  according  to  Kemp  (4),  is  only  true 
in  part,  most  of  those  assayed  yielding  between  70  and  85  per  cent^ 
and  the  richest  recorded  being  86.5  per  cent.  The  balance  is  made 
up  largely  of  iron,  the  highest  percentage  of  this  noted  being  19.5 
per  cent  in  a  Ural  specimen.  Iridium,  rhodium,  and  palladium 
are  always  present.  Until  the  platinum  falls  below  60  per  cent  the 
iridiimi  rarely  reaches  5  per  cent,  rhodium  4  per  cent,  while  palla- 
dium is  less  than  2  per  cent.  ^  Other  elements  that  have  been  detected 
in  the  nuggets  are  osmium,  ruthenium,  copper,  and  even  gold,  while 
chromite  is  a  common  associated  mineral  (4). 

Distribution  in  the  United  States.  —  The  domestic  supply  of 
platinum,  never  large,  is  obtained  from  gold-placer  deposits  in 
Oregon  and  California,  and  while  its  occurrence  has  been  reported 
in  many  other  gold  placers  of  the  Northwest  and  Alaska,  still  none 
of  them  have  proven  sufficiently  rich  to  work.  Most  of  the  Cali- 
fornia production  comes  from  the  dredges  at  Oroville,  in  Butte 
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County.  The  platinum  is  usually  panned  from  the  black  sand,  but 
a  small  quantity  is  entangled  with  the  amalgamated  gold  and  re- 
covered in  refining  at  the  mint.  Iridosmine  and  a  natural  alloy 
of  iron  and  nickel  called  josephinite  are  found  associated  with  the 
gold. 

In  addition  to  the  above  sources,  platinum  is  also  found  in  the 
copper  ores  of  the  Rambler  mine,  Wyoming,  and  has  been  saved 
from  the  slimes  obtained  in  treating  the  copper  ore  and  matte  at 
this  locality.  The  covellite  in  the  ore  is  said  to  assay  .06  to  1.4 
oimces  per  ton  of  platinum. 

Uses.  —  Platinum  was  first  used  as  an  adulterant  of  gold,  and  in 
Russia  it  was  used  for  coinage  from  1828  to  1845.  At  the  present 
time  it  is  employed  for  crucibles  and  other  chemical  apparatus 
which  are  to  be  subjected  to  high  temperatures  or  strong  acids. 
It  is  also  of  value  in  dentistry,  for  electric  lamps  and  electric  appa- 
ratus, for  jewelry,  and  in  photography.  The  price  of  it  has  risen 
steadily  in  recent  years,  so  that  it  is  as  valuable  as  gold. 

Production.  —  The  production  in  the  United  States  from  1880 
to  1908  was  as  follows :  — 


Production 

OP  Platinum  in  the  United  States 

Value 

t 

Ybab 

QUANTITT    . 
OUNCSS 

Ykar 

QUANTTTT 

Ounces 

Value 

1880 
1885 
1890 
1895 
1900 
1901 
1902 

100 
250 
600 
150 
400 
1.408 
94 

$400 

187 

2.500 

900 

$2,500 

27,526 

1.874 

19a3 
1904 
1905 
1906 
1907 
1908 

110 
200 

318 

1439 

357 

750 

$2,080 
4.160 
5,320 
45.180 
10.589 
14.250 

Since  the  close  of  1899  platinum  has  risen  steadily  in  price,  reach- 
ing a  maximum  of  $38  per  ounce  in  1907,  but  dropped  to  $29 
in  1909. 

The  imports  of  platinum,  both  crude  and  manufactured,  amounted 
to  $2,684,642  in  1907,  and  $1,229,873  in  1908.  The  domestic  pro- 
duction  is  entirely  inadequate  to  supply  the  demand,  and  the  greater 
portion  of  the  supply  of  the  United  States,  and  in  fact  the  world,  is 
obtained  from  the  platiniun  placers  of  the  Urals  (5).  The  Russian 
production  for  1908  was  estimated  at  138,000  troy  ounces. 


REFERENCES  ON  PLATINUM 


1.  Day,  U.  S.  Geol.  Surv.,  19th  Ann.  Rept.,  VI :  265,  1898.    2.  Day,  Amer. 
Inst.  Min.  Bngrs.,  Trans.  XXX :  702,  1901.     (N.  Amer.)     3.  Donald, 
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Eng.  and  Min.  Jour.,  LV:  81,  1893.  (Can.)  4.  Kemp,  Min.  Indus., 
X:540,  1902;  and  U.S.  Geol.  Surv.,  BuU.  193,  1902.  (General.) 
6.  Purington,  Eng.  and  Min.  Jour.,  LXXVII :  720,  1904.  (Russia.) 
6.  Day  and  Richards,  U.  S.  Geol.  Surv.,  Bull.  285 :  150,  1906.  (Plati- 
num in  black  sands.) 

Palladium. —  This  metal  is  found  associated  with  platinum  and 
also  native  and  alloyed  with  gold  (Brazil).  It  is  of  silver-white 
color,  ductile  and  malleable,  and  is  unaffected  by  the  air.  Its 
great  rarity  and  consequent  high  value  has  restricted  its  use,  but 
a  small  amoimt  is  used  for  some  mathematical  and  surgical  instru- 
ments, for  compensating  balance  wheels  and  hairsprings  for  watches, 
and  for  finely  graduated  scales. 

In  the  United  States  it  has  been  reported  from  the  platinum 
deposits  of  the  Pacific  coast  and  from  the  Rambler  mine  in  Wyo- 
ming. 

Osmium.  —  This,  the  heaviest  and  most  infusible  metal  known, 
occurs  alloyed  with  platinum  and  also  with  iridium  in  iridosmine. 
In  the  United  States  small  quantities  have  been  found  in  the  plati- 
num placers  of  California. 

Iridosmine  is  employed  for  pointing  pens  and  fine  tools,  while 
osmic  acid  is  used  for  staining  anatomical  preparations  in  micro- 
scopic work. 

Iridium.  —  Iridium  is  found  chiefly  in  Russia  and  California, 
alloyed  with  platinum  or  osmium.  It  is  a  lustrous,  steel-Uke 
metal  of  great  hardness,  and  is,  next  to  osmium,  the  most  refractory 
metal  known. 

An  alloy  of  iridium  and  platinum  has  been  used  for  standard 
weights  and  measures,  and  iridium  is  also  used  in  photography. 

SELENIUM 

This  rare  and  little-known  element  is  not  known  to  occur  in 
deposits  by  itself,  but  is  found  in  some  gold  and  silver  ores  at  least. 

Thus  Spurr  has  called  attention  to  its  presence  in  the  gold  ores  of 
Tonopah,  Nevada,  where  it  is  found,  at  least  in  part  as  a  silver  sele- 
nide.  It  is  obtained  in  several  instances  in  the  refining  of  gold  or  cop- 
per ores,  being  sometimes  separated  from  the  flue  dust. 

The  domestic  consumption  of  selenium  does  not  exceed  a  few 
thousand  pounds  per  year,  and  the  price  is  said  to  range  from  $5  to 
$16  per  pound. 

Uses.  —  Selenium  is  used  as  a  red  colorant  of  glass,  while  selenite 
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of  soda  gives  a  bright  red  color  to  enamels  used  for  covering  st^el. 
Owing  to  its  low  electrical  conductivity  in  the  light,  and  higher 
conductivity  in  the  dark,  selenium  wire  is  used  in  automatically 
lighting  and  extinguishing  gas  buoys. 

REFERENCES  ON  SELENTOM 

Hess,  U.  S.  Geol.  Surv.,  Min.  Res.,  1908.     (General.) 

TANTALUM 

This  element  has  attracted  some  attention  because  of  its  use  in 
electric  lamps. 

Tantalite  (FeTa206)  and  columbite  [(Fe,  Mn)Nb202]  are  the  only 
minerals  found  in  the  United  States  from  which  tantalum  could 
be  produced.  They  occur  in  pegmatite  veins,  and  are  said  to  be 
foimd  in  some  abundance  in  those  of  the  Black  Hills  of  South  Da- 
kota. Other  occurrences  are  near  Canyon  City,  Colorado;  near 
Spruce  Pine,  North  Carolina ;   near  Amelia,  Virginia,  etc. 

The  tantaliun  market  is  now  said  to  be  supplied  mainly  by  the  rich 
mangano-tantalates  from  western  Australia  (2).  Scandinavia  has 
also  supplied  some  (4). 

REFERENCES  ON  TANTALUM 

1.  BaskerviUe,  Eng.  and  Min.  Jour.,  LXXXVI:1100,  1909.  2.  Hess, 
U.  S.  Geol.  Surv.,  Min.  Res.,  1908.  3.  Hess,  U.  S.  Geol.  Surv.,  Bull. 
380,  1909.     (S.  Dak.)    4.  Watson,  Min.  Res.  Va.,  1907:298,  390. 

(Va.) 

TELLURIUM 

This  element  has  no  eonmiercial  value  except  as  a  chemical  curi- 
osity. The  somewhat  widely  distributed  telluride  of  gold  and  silver 
ores  form  a  comparatively  conmion  source  of  it,  but  owing  to  the 
lack  of  demand,  no  attempt  is  made  to  save  the  tellurium.  Cripple 
Creek,  Colorado,  is  the  best-known  occurrence  in  the  United  States. 

TIN 

Ore  Minerals.  —  Cassiterite  (Sn02),  with  78.6  per  cent  metallic 
tin,  is  the  principal  ore  mineral  of  this  metal,  but  owing  to  the  pres- 
ence of  impurities  it  rarely  shows  this  composition. 

Its  hardness  (6-7),  imperfect  cleavage,  non-magnetic  character, 
high  specific  gravity  (6.8-7.1),  and  brittleness  help  to  distinguish 
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it  from  other  minerals  that  are  liable  to  occur  with  it.  Ilmenite 
and  magnetite  have  sometimes  been  mistaken  for  it. 

Stream  tin  is  the  name  applied  to  cassiterite  fomid  in  placers. 
Wood  tin  is  a  variety  of  cassiterite  having  a  fibrous  structure.  Rtavr 
nitCy  or  tin  pyrites,  a  complex  sulphide  of  copper,  iron,  and  tin, 
rarely  serves  as  an  ore  mineral. 

Mode  of  Occurrence.  —  Cassiterite  exhibits  three  common  modes 
of  occurrence,  viz.  (1)  in  veins,  (2)  in  placers,  and  (3)  in  dikes.  The 
placers  are  the  most  important  source. 

Cassiterite  Veins. — These  are  usually  found  in  granite,  or  close 
proximity  to  it,  and  are  filled  with  a  mixture  of  quartz  and  feldspar, 
carrying  cassiterite  and  a  number  of  other  minerals,  some  of  them 
rare.  The  veins  have  probably  been  formed  by  magmatic  emana^- 
tions  which  contained  fluorine,  and  also  attacked  the  walls,  inducing 
strong  metamorphic  action.  As  a  result  of  this  the  feldspar  and 
mica  are  altered  to  lepidolite  or  zinnwaldite,  and  replaced  by  cas- 
siterite. The  resulting  quartz-mica  rock  or  greisen  grades  outward 
into  the  normal  granite. 

The  actual  veins  may  be  narrow,  but  the  greisen  zone  quite  wide, 
and  less  resistant  to  the  weather  than  the  vein  matter. 

Vogt,  Beaimiont,  Daubr^e,  and  others  believe  that  the  tin  veins 
were  formed  immediately  after  or  even  during  granitic  eruptions, 
and  that  the  mineral  solutions  ori^nated  by  the  action  of  hydro- 
fluoric or  hydrochloric  acid  on  the  magma,  still  entirely  or  partly 
in  igneous  fusion.  These  extracted  fluorides  of  silicon,  tin,  boron, 
and  lithium  as  well  as  phosphoric  acid.  The  type  of  alteration  of 
these  pneumatolytic  emanations  varies  somewhat,  schist  being 
altered  somewhat  differently  from  granite. 

The  most  characteristic  gangue  minerals  of  tin  veins  besides  feld- 
spar and  quartz  are:  lepidolite,  zinnwaldite,  topaz,  tourmaline, 
apatite,  wolframite,  molybdenite,  scheelite,  fluorite,  and  arsenopyrite. 

Cassiterite  Dikes  (7).  —  Cassiterite  sometimes  occurs  as  a  pri- 
mary constituent  of  igneous  rocks,  usually  pegmatite.  These  dikes 
may  also  carry  lithium  and  phosphorus  minerals.  They  exhibit 
sharp  walls,  and  there  is  no  replacement  of  the  wall  rocks  by  cas- 
siterite. They  resemble  pneumatolytic  veins  in  being  the  last  prod- 
ucts of  eruption  of  granitic  magma,  and  may  in  some  instances 
possibly  grade  into  them. 

Placer  Deposits,  —  These  are  formed  in  the  usual  way  by  the  pro- 
ducts of  disintegration  from  tin  lodes  being  washed  down  into 
streams. 
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Other  Types.  —  Tin  appears  to  be  formed  in  some  oases  by  preoipitation 
at  normal  pressure  from  thermal  waters,  for  a  stanniferous  silioeous  sinter 
has  been  deposited  by  a  hot  spring  in  Malacca.  It  contains  SiOs,  01^; 
SnOs,  .5 ;  FesOs,  .2  ;  and  HsO,  7.5  (quoted  by  lindgren). 

Distribution  of  Tin  Ores  in  the  United  States.  —  Tin  has  been 

found  at  many  localities  in  both  the  eastern  and  western  United 
States  as  well  as  in  Alaska,  but  most  of  the  deposits  are  of  no  com- 
mercial value. 

North  Carolina  and  South  Carolina  (7,  8).  —  In  these  two  states 
there  is  a  belt  of  tin  ore  which  once  rose  to  prominence  and  then 
died  out.  It  extends  from  near  GafiFney,  Cherokee  County,  South 
Carolina,  across  parts  of  Cleveland  and  Gaston  Counties,  North 
Carolina,  to  near  Lincolnton,  being  in  all  35  miles  long.  The  cas- 
siterite  is  irregularly  distributed  in  pegmatite  dikes  in  schists,  the 
latter  being  metamorphosed  sediments  interstratified  with  slates, 
marbles,  and  quartzites.  Gabbro,  diabase,  and  granite  intrusions 
are  also  present. 


m'\y 


m  4'> 


M  3u 


ti'ii 


FxQ.  236.  —  Sketch  map  showing  location  of  Carolina  tin  belt.     {After  Qraton, 

U.  S.  Oeol  Surv.,  BtiU,  260.) 

South  Dakota  and  Wyoming  (10).  —  The  most  widely  known 
occurrence  in  the  United  States  is  in  the  Black  Hills.  Tin  was 
discovered  in  the  Harney  Peak  district  and  later  in  Nigger  Hill. 
The  deposits  occur  as  impregnations  in  pegmatites,  in  quartz  veins, 
and  in  placers.    They  have  never  amounted  to  much. 
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Alaska  (5,  11).  —  Tin  is  found  in  the  York  region  of  the  Seward 
Peninsula,  and  occurs  chiefly  in  placers  and  lodes.  The  lode  depos- 
its show  the  following  types:  (1)  quartz  veins  cutting  phyUites  or 
metamorphic  slates;  (2)  disseminations  in  more  or  less  altered 
granite  rocks ;  (3)  in  quartz  porphyry  dikes  cutting  limestone,  and 
accompanied  by  fluorite,  zinnwaldite,  etc. 

In  1908  the  only  domestic  production  came  from  the  Alaskan 
placers. 

Uses  of  Tin.  —  Tin  is  used  chiefly  for  the  manufacture  of  bronze 
and  tin  plate,  and  to  a  smaller  extent  in  plumbing  as  well  as  less 
important  purposes.  Britannia  metal  is  composed  of  from  82  to 
90  parts  of  tin  alloyed  with  antimony,  copper,  and  sometimes  zinc. 

Production  of  Tin.  —  The  amoimt  of  tin  produced  in  the  United 
States  including  Alaska  is  entirely  too  small  to  supply  the  demand, 
and  the  main  source  of  supply  for  this  country,  and  indeed  for  the 
world,  is  the  Malay  peninsula,  while  other  regions  of  conmiercial 
importance  are  Australia  and  Bolivia.  The  available  figures  are 
given  below:  — 

pBODUcnoN  OF  Tin  and  Tin  Orb  in  Various  Countribs  in   1908,  in 

Short  Tons 


South  Africa,  exports 

Federated  Malay  States,  exports   .     . 

Tasmania,  ore 

Australia : 

N.»  South  W.l«i{^^^-    ; 

Victoria,  ore 

Western  Australia,  ore  and  ingots 

Northern  territory,  exi>orts,  ore  . 

Queensland,  ore 

Italy  (Province  of  Pisa),  ore      .     .     . 

Sin^ kep,  pig  tin 

Bolivia,  ore 

Burma,  ore 


QUANTITT 


Valus 


2,361 

$555,467 

66,035 

— 

5.063 

2.051.610 

042 

385,206 

1.068 

614,600 

80 

20.540 

1.224 

405.355 

501 

175,145 

6.404 

1,665.273 

272 

3.814 

409 

262,095 

32.032 

10.756.800 

106 

53.604 

Tin  imported  and  entered  for  Consumption  in  the  United  States, 

1904-1908,  IN  Short  Tons 


Teab 


1004 
1005 
1006 
1007 
1008 


QUANTfTT 


41,472 
44.188 
50.477 
41.257 
41,267 


Valub 


$22,356,805 
26.316.023 
37,447.316 
32.074.263 
23,032.560 


2o 
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BuU.  380:  134,  1909.  (8.  Dak.)  11.  Knopf.  U.  S.  Oeol.  Surv.,  Bull. 
358.  1908.  (Alaa.)  12.  Riahardsou.  U.  S.  Geol.  Surv..  BuU.  285: 
146,  1906.  (Franklin  Mta,,  Tex.)  13.  Weed,  U.  S.  Geol.  Surv., 
BuU.  213:99,  1903.  (Tex.)  14.  Watson,  Min.  Res.  Va.,  1907:567. 
(Va.) 

TITANIUM 

Or«s.  —  AmonK  the  minerals  carrjring  titanium  the  most  abun- 
dant 18  Ihneniie  (FeO,  TiOj),  which  occurs  in  many  deports  of  naag- 
netite.  RvtUe  (TiOj,  60  per 
cent  Ti  when  pure),  though  less 
abundant,  ia  not  unconamon. 
Titanium  is  also  found  in  a  num- 
ber of  other  minerals,  many  of 
which  are  rare. 

Occurrence. — For  many  years 
Norway  has  been  the  chief  pro- 
ducer of  this  metal ;  but  in  1900 
large  deposits  of  rutile  were  dia- 
covered  in  Vir^nia. 

Prior  to  the  opening  of  these 
the  domestic  demand  which  has 
been  small  was  supplied  by  de- 
posits in  Chester  County,  Pa. 

TheVirpnia  (4)  rutile  deposits 
lie  about  7  miles  north  of  west 
from  Arrington  (Fig.  237).  The 
rutile    occurs    in    varioua^ized 


FiQ.  237.  —  Map  showing  location  and 
relations  of  rutile  deposita  in  Nelson 
County,  Vft.  (Alter  Waiton,  Min. 
Ra.  Va..  1B07.1 


grains  and  crystals  of  remarkable  purity,  disseminated  through  the 
feldspar,  blue  quartz,  and  hornblende,  of  a  massive,  p^matite-Iike 
rock  of  probable  igneous  origin,  and  is  remarkably  free  from  other 
metallic  minerals.    The  rutile,  which  varies  from  scant  diasemina- 
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tions  up  to  30  per  cent,  but  averaging  10  per  cent,  is  believed  to  be  a 
primary  constituent  of  the  rock  in  which  it  occurs,  for  the  reason 
that  it  is  interlocked  with  the  other  minerals,  is  not  developed  along 
their  cleavage  planes,  and  fractures  cross  all  minerals  alike.  The 
country  rock  is  a  gneiss,  which  carries  occasional  rutile  grains,  and 
is  cut  by  numerous  acid  pegmatite  dikes,  as  well  as  occasional  ones 
of  diabase  and  gabbro. 

A  second  type  of  occurrence,  known  as  nelsonite  rutile,  is  found 
in  an  evenly  granular  rock,  of  dike-like  character,  and  composed 
normally  of  ilmenite  and  apatite.  In  some  places  the  ilmenite  is 
almost  completely  replaced  by  rutile. 

Both  types  are  being  mined. 

Uses.  —  Titanium  is  used  for  producing  yellow  underglaze  colors 
on  pottery,  and  also  in  the  manufacture  of  artificial  teeth,  to  give 
them  an  ivory  tint.  Another  use  is  in  the  alloy  ferro-titanimn.  Its 
commercial  values  as  a  steel-hardening  metal  are  not  yet  thoroughly 
proven,  but  from  .5  to  3  per  cent  titaniimi  appear  to  materially 
increase  the  transverse  and  tensile  strength  of  steel.  By  the  use  of 
the  electric  furnace,  ferro-titanium  can  be  produced  directly  from 
the  ores,  which  would  open  a  use  for  our  American  titaniferous 
magnetites. 

RBFERB9CES  ON  TirAIIinM 

1.  Merrill,  Non-metaUic  Minerals :  109,  1904.  (Oenend.)  2.  Merrill, 
Eng.  and  Min.  Jour.,  LXXIII :  351,  1902.  (Va.)  3.  Pratt,  U.  S.  Geol. 
Surv.,  Min.  Res.  1903 :  309,  1904.  4.  Watson,  Min.  Res.  Va.,  1907 : 
232.  (Va.)  5.  Baskerville,  Eng.  and  Min.  Jour.,  LXXXVII.IO, 
1909.     (General.) 

TUNGSTEN 

Ore  Minerals.  —  Four  minerals  may  serve  as  sources  of  the  tung- 
sten of  commerce,  viz. :  Hvbnerite  (MnW04,  76.6  per  cent  WOs) ; 
WolframiU  ((FeMn)W04,  76.4  per  cent  WOj) ;  Scheelite  (CaWO*, 
80.6  per  cent  WO3) ;  FerberUe  (FeW04,  76.3  per  cent  WO3). 

Of  these  the  wolframite  is  the  most  abundant,  while  scheelite  and 
ferberite  are  somewhat  rare.  The  tungsten  ores  are  usually  found 
in  veins  cutting  igneous  or  metamorphic  rocks,  but  they  may  also 
occur  as  replacements,  in  limestone,  etc.  The  tungsten  mineral 
forms  the  most  prominent  mineral  in  a  deposit,  or  occurs  as  a  subor- 
dinate one  in  veins  carrying  tin,  gold,  or  silver. 

Among  the  minerals  that  may  be  found  accompanying  tungsten 
are  galena,  pyrite,  siderite,  quartz,  chalcopyrite,  pyrrhotite,  fluorite, 
tetrahedrite,  sphalerite,  barite,  etc. 
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In  most  cases  the  ore  appears  to  have  been  deposited  by  thermal 
solutions,  but  its  occurrence  in  some  tin  veins  su^ests  that  it  may 
be  of  pneumatolytic  origin. 

Distribution  in  the  United  States.  —  Tungsten  minerals  are 
known  to  occur  at  a  number  of  localities  in  the  United  States,  and 
yet  but  very  few  of  these  are  of  commercial  importance.  Never- 
theless the  quantity  available  exceeds  the  demand.  Colorado, 
Montana,  and  Arizona  were  the  only  producers  in  1908. 

A  few  of  the  occurrences  are  referred  to  below,  partly  to  g^ve 
some  idea  of  the  mode  of  occurrence. 

Colorado  (7). — The  most  important  tungsten  deposits  of  CJoI- 
orado  are  found  in  southeastern  Boulder  County.  The  country 
rock,  which  is  pre-Cambrian  ^anite  and  gneiss,  has  been  sub- 
jected to  fissuring  accompanied  by  crushing  and  brecciation,  and 
in  the  open  spaces  thus  formed  the  ore  mineral  ferberite  has  been 
deposited.  The  metalliferous  solutions  also  carried  much  silica, 
and  the  following  important  periods  of  mineralization  have  been 
distinguished,  each  separated  by  secondary  movement  and  breccia- 
tion along  the  veins:  1.  silicification  and  partial  cementation  of 
breccia  with  slight  deposition  of  tungsten;  2.  deposition  of  timg- 
sten;  3.  precipitation  of  silica  followed  by  second  important  deposi- 
tion of  tungsten.  There  is  also  a  strong  suggestion  of  solution  and 
secondary  enrichment.  The  friable  character  of  the  ferberite 
and  the  highly  siliceous  nature  of  some  of  the  ores  cause  some 
difficulty  in  concentration. 

These  deposits  form  the  most  important  domestic  source  of 
tungsten  at  the  present  time. 

Arizona  (2,  5,  12,  17).  —  Hiibnerite  is  found  irregularly  distrib- 
uted in  vertical  quartz  veins  cutting  granites  and  gneissic  rocks, 
near  Dragoon,  Cochise  County. 

California  (1).  —  Scheelite-bearing  veins  occur  in  the  Randsburg 
district  in  a  grano-diorite  or  schist.  The  veins  occupy  a  shear  zone, 
and  the  gangue  is  mainly  quartz. 

Nevada  (20).  —  Veins  of  hiibnerite  are  found  in  a  granite  pK)r- 
phyry  in  the  Tungsten  mining  district  southeast  of  Ely.  The 
gangue  is  quartz  with  a  Uttle  fluorite,  pyrite,  and  scheelite. 

Soitih  Dakota  (10).  —  Wolframite  is  found  near  Lead  City  as 
flat,  horizontal,  but  irregular  masses,  associated  with  the  oxidized, 
refractory  siliceous  gold  ores.  These  ores  are  replacements  of  a 
dolomite  deposited  by  uprising  thermal  solutions. 

Uses  of  Tungsten.  —  Most  of  the  tungsten  produced  is,  used  in 
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the  manufacture  of  tool  steel,  and  the  industry  therefore  depends  to 
a  large  extent  on  the  condition  of  the  steel  industry.  Tungsten 
forms  a  number  of  alloys  with  other  metals  such  as  iron,  aluminum, 
nickel,  copper,  titanium,  tin,  etc.  It  is  also  employed  to  a  consider- 
able extent  for  incandescent  lamp  filaments.  Ferro-tungsten  is 
used  in  the  manufacture  of  tungsten  steel,  and  the  fluorescent 
properties  of  tungstate  of  lime  make  it  useful  in  the  Rontgen  ray 
apparatus.  Tungsten  is  also  employed  for  coloring  glass,  sodium 
tungstate  is  used  in  fireproofing  curtains  and  draperies,  while  other 
tungsten  salts  are  used  for  weighting  silks. 

Production.  —  The  production,  never  large,  fell  off  considerably 
in  1908,  due  to  the  business  depression  of  the  previous  year. 

Production  of  Concentrated  Tungsten  Ores  in  the  United  States, 

1900-1908,  IN  Short  Tons 


Ybab 

QUANTITT 

Valub 

Year 

QuANTmr 

VALira 

1000 

1001 

1002 

1003 

1004 

46 

170 

184 

'202 

740 

$11,040 
27.720 
34.040 
43,630 

184.000 

1005 

1006 

1007 

1008 

803 

028 

1.640 

671 

$268,676 
348.867 
800.048 
220.065 

World's  Production  of  Tungsten  in  1907,  Estimated  in  Short  Tons 
OP  Concentrates  containing  60  per  Cent  of  Tungsten  Trioxide 


COUNTRT 


South  Africa  .  . 
Malay  States  .  . 
Siam  .... 
New  South  Wales 
Northern  Territory 

Queensland  .  . 
asmania  .  .  . 
West  Australia 
East  Indies  .  . 
Austria  .... 
England  .... 


Amount 


211 

80 

10 

461 

177 

703 

46 

1 

5 

50 

361 


Country 


France      .     .  . 
German  Empire 

Italy    .     .     .  . 

Portugal   .     .  . 

Spain   .     .     .  . 
New  Zealand 

United  States  . 

Argentina      .  . 

Bolivia     .     .  . 


Amount 


67 

68 

18 

702 

303 

163 

1640 

607 

500 


6062 
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URANIUM 

Two  minerals  serve  as  commercial  sources  of  uranium  in  the 
United  States.    These  are  Camotite  and  Pitchblende. 

The  most  important  domestic  occurrence  of  pitchblende  is  in 
Gilpin  County,  Colorado,  where  it  occurs  in  very  thin  seams  in  a 
granite  gneiss.  Carnotite  occurs  as  impregnations  in  sandstone 
in  southwestern  Colorado  and  is  referred  to  under  Vanadium. 

Uses.  —  Uraniiun  is  of  comparatively  little  practical  value. 
Uranium  minerals  are  radio-active,  and  the  oxide  is  used  to  some 
extent  as  a  coloring  agent  in  pottery  glazes  and  iridescent  glass. 
Certain  salts  have  a  limited  use  in  chemistry  and  medicine. 

VANADIUM 

There  are  a  nmnber  of  minerals  containing  vanadium,  but 
only  two  are  of  commercial  importance  in  the  United  States, 
viz.  Camotite  (K2O,  2  U2O3,  V2O5,  SHjO)  and  Roscodite  [H^K 
(MgFe)  (A1V)4  (Si03)i2]. 

The  chief  source  of  these  two  minerals  has  been  a  somewhat 
extensive  area  in  western  Colorado  and  adjoining  portions  of  Utah. 
Near  Placerville,  Colorado,  the  Vanadium  minerals  occur  in  the 
La  Plata  (Jurassic)  sandstone,  and  the  common  ore  is  the  bright 
yellow  camotite  associated  with  roscoelite.  The  mode  of  occurrence 
is  similar  in  the  surrounding  regions. 

Uses.  —  Claims  are  made  for  vanadiimi  as  a  toughener  of  steel, 
but  there  seems  to  be  comparatively  little  demand  for  it  for  this 
purpose.  Metavanadic  acid  has  been  used  as  a  substitute  for 
bronze  paint,  and  vanadium  chloride  is  used  as  a  mordant  in  print- 
ing fabrics,  and  the  trioxide  as  a  mordant  in  dyeing. 
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During  1908  the  United  States  drew  its  supply  of  ore  mostly  from 
Peru,  where  there  are  large  deposits  of  a  sulphide  of  vanadium  known 
as  Patronite. 
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Alaska,    auriferous    lodes,    502;     coal,    386; 
copper,  420 ;    gold,  501 ;    gypsum, 
183 ;  petroleum,  81 ;  placer  deposits 
503;  tin,  561. 
Albany,  N.  Y.,  235. 
Albany  conglomerate,  404. 
Albemarle  County,  Va..  286,  436. 
Albertite,  86. 
Albert  Mines,  N.  B..  86. 
Alexander  archipelago,  501. 
Alexander  County,  111.,  291. 
Algonkian,  214,  342,  365,  418»  463,  486. 
Allegany  County,  N.  Y.,  70. 
Alleghany  County,  Va.,  373,  384. 
Allegheny  series,  22,  25,  26,  68,  72. 
AUochthonous  origin  of  coal,  8. 
AUoues  conglomerate,  404. 
Almandite,  as  gem,  267. 

as  abrasive,  205. 
Aluminum,  ore  minerals  of,  516. 

production  of.  522. 


references  on,  522. 

uses  of,  520. 
Alundum,  209,  520. 
Alunite,  development  of.  at  Qoldfield,  N«t. 

492. 
Amatrioe,  properties  of,  271. 
Amelia,  Va.,  568. 
Amelia  County,  Va.,  264. 
Anaconda,  Mont.,  401. 
Analyses  of,  asbestos,  213. 

asbestos,  amphibole,  211. 

asbestos,  chrysotile,  211. 

bauxite,  517. 

bitumens,  vein,  89. 

bituminous  rocks,  90. 

brines,  Ohio,  165. 

brines,  solid  matter  in,  168 

cadmiferous  sine  ores,  644. 

chromite,  545. 

clays,  129. 

Clinton  ore,  376,  377. 

chromic  iron  ores,  545. 

coal  ash,  5. 

coal,  elementaiy,  12. 

coal,  proximate,  6. 

cosJs,  6,  7. 

coke,  natural,  4. 

conmdum,  206. 

diatomaceous  earth,  228. 
emory,  208. 

feldspars,  226,  227. 

fluorspar,  231. 

foundry  sands,  233. 

fuller's  earth,  236. 

gases,  manufactured,  68. 

glass  sand,  238. 

grahamite,  87. 

graphite,  241. 

graphite,  Rhode  Island,  243. 

greenaand,  197. 

gypsum,  183,  184. 

gypsum,  crude  and  calcined,  184. 

hematite  for  paint,  257. 

hydraulic  lime  rocks,  141. 

kaolin.  131. 

Lake  Superior  iron  ores,  366. 

limestone,  139. 

lunonlte,  386. 

lithographic  stone,  247. 

magnesite,  250. 

magnetites,  361. 

maltha,  89. 

manganese  ores,  626. 

meerschaum,  252. 

mineral  waters,  300. 

mine  waters,  311. 

monasite,  263. 

mountain  ores,  Virginia,  388. 

natural  cement  rocks,  142. 

natural  gas,  57. 
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Analyses  of,  natural  rock  cements,  143. 

nickel  matte,  Sudbury,  Ont.,  552. 

ooher,  258. 

oil  shale,  91. 

poBsuolan  earth,  140. 

proximate  of  coal,  4. 

pyrite.  283. 

peat,  6. 

peat-bog  layers*  1> 

petroleum,  51. 

phosphates,  196. 

Portland  cements,  145. 

Portland  cement  materials,  144. 

Portland  cement  mixtures,  145. 

rock  salt,  168. 

sea  and  lake  waters,  158. 

siderite  for  paint,  260. 

sodium  carbonate,  173. 

sodium  sulphate,  172. 

sulphur,  278. 

talc,  288. 

titaniferous  magnetite  concentrates,  363. 

titaniferous  magnetites,  362. 

tripoli,  290. 

tripoli,  Illinois,  291. 

valley  brown  ores,  Virginia,  383. 

volcanic  ash,  141. 
Anhydrite,  formation  of,  179. 

Michigan,  182. 

occurrence  of,  178. 

properties  of,  178. 

Vii^inia,  183. 

with  salt.  160. 
Animas  Valley,  Colo.,  484. 
Animikie,  550. 
Annabergite,  548. 
Anne  Arundel  County,  Md.,  224. 
Anorthosite,  for  building,  110. 
Anthracite,  analyses  of,  7. 

formation  of,  10. 

Pennsylvania,  22. 

See  Coal. 
Anthraxolite,  59,  85,  86. 
Anticlinal  theory  of  oil,  62. 
Antimony,    distribution    in    United    States, 
538. 

ore  minerals,  538. 

production  of,  539. 

references  on,  540. 

uses  of,  539. 
Anvil  Creek,  Alas.,  504. 
Apatite,  from  iron  ore,  187. 

occurrence  of,  187. 

veins,  origin  of,  319. 
Apex,  331. 
Appalachian,  coal  field,  18. 

copper  ores,  417. 

lead  ores,  429. 

oil  field,  68. 

oil  sands,  72. 
Aquamarine,  267. 
Arbuckle  Mountains,  Okla..  109. 
Archean,  365,  461,  550,  551. 
Argall,  Geo.,  cited,  450,  542. 
Argentite,  469. 
Arietina  clay.  534. 

Arisona,  asbestos,  214 ;  copper,  406 ;  fluor- 
spar, 230 ;  garnet  (gem),  267  ;  gold, 
495 ;  gypsum,  183 ;  onyx,  115 ; 
peridot,  268  ;  ruby  (so-called),  268 ; 


■ilver,  495 ;  tuff  (for  building).  111; 
turquoise,  270. 
Arkansas,    antimony,    538;     bauxite,     618; 
cement,  152 ;    ooid,  32 ;    diamond. 
266 ;  fuller's  earth,  236 ;  grahaznite. 
87 ;  granite,  109 ;  lead,  443  ;  limoni- 
ite,  385 ;  manganese,  527  ;   novacu- 
lite.  203;    phosphate,   195;    alate, 
120 ;  whetstones,  203 ;  line,  443. 
Arkansas  River,  Ck>lo.,  446. 
Arkose,  defined,  117. 
Arrington,  Va.,  562. 
Arsenic,  distribution  in  United  States,  540. 

from  flue  dust,  541. 

in  copper  ore,  396. 

ore  minerals,  540. 

production  of,  541. 

references  on,  542. 

uses  of,  541. 
Arsenolite,  540. 
Arsenopjrrite,  540. 
Artesian  water,  see  Water,  artesian. 
Asbestic,  216. 
Asbestine,  216. 
Asbestos,  amphibole,  211. 

analyses  of,  213. 

as  paint,  261. 

Canada,  215. 

chrysotile,  211. 

cross  fiber,  211. 

distribution  in  United  States,  212. 

origin  of,  212,  214,  216. 

production  of,  216. 

properties  of,  211. 

references  on,  217. 

slip  fiber,  211. 

uses  of,  216. 
Ashbumer,  C,  62. 
Ashley,  G.  H.,  19. 
Aspen,  Colo.,  silver-lead  ores,  461. 
Aspen  Mountain,  462. 
Asphalt,  imports,  97. 

lake,  88. 

production  of,  96. 

Trinidad,  88. 

uses  of,  92. 

See  also  Vein  bitumens,  Bituminous  rocks. 
Asphaltite,  85. 
Atacamite,  395. 
Athens,  Vt.,  288. 
AttaUa,  Ala.,  378. 
Auburn,  Me.,  270. 
Auriferous  gravels,  distribution  of,  495. 

mining  of,  496. 

origin,  495. 
Austin  chalk,  534. 
Austin  formation,  79. 
Australia,  oil  shale,  91. 

tantalum,  558. 
Autochthonous  coal,  8. 
Avery  Island,  La.,  78,  167. 
Asurite,  395. 

B 

Babbitt  metal,  539. 

Bain,  H.  F..  cited.  431,  441.  442. 

Baker  County,  Ore.,  477. 

Bakersfield  field,  Calif..  75. 

Ball,  S.  H.,  cited,  363. 

Ball  clay,  defined,  130. 
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Baltimore  County,  Md.,  545. 
Bannock  County,  Ido.,  167. 
Barbadoes,  Manjak,  88. 
Barber  County.  Kaa..  182. 
Barbour.  E.  H..  cited,  204. 
Barite,  as  paint,  261. 

distribution  in  United  States,  218. 

imports  of,  222. 

occurrence  of,  218. 

origin  of,  220. 

production  of,  221. 

properties  of,  217. 

references  on,  222. 

uses  of,  221. 
Barlow,  A.  E.,  cited,  552. 
Barre.  Vt..  109. 
Barrel!,  J.,  cited,  322. 
Bartlesville,  Okla.,  75. 
Basalt,  for  building,  110. 
Bath  County.  Ky.,  373. 
Bauxite,  analyses  of,  517. 

distribution  in  United  States,  516. 

for  making  alimdum,  209. 

imports  of,  521. 

origin  of,  518,  519. 

production  of,  521. 

references  on.  522. 

uses  of,  520. 
Bayley,  W.  S.,  cited.  355. 
Bayou  Choupique,  La,  277. 
Bear  Lake  County,  Ido.,  167. 
Beaumont,  E.  de,  cited,  316.  559. 
Beaumont,  Tex.,  78,  79. 
Beaver  limestone,  220,  526. 
Becker,  Q.  F.,  cited,  59.  500.  532.  533. 
Bedded  deposit,  332. 
Bedded  vein,  defined.  332. 
Bedford.  Ind..  112. 
Bedfoid.  Va.,  213. 
Bell  metal,  422. 

Bensine  series,  in  petroleum,  50. 
Berea  grit,  for  grindstones,  202. 
Berea  oil  sand.  71. 
Berea  sandstone,  117,  165. 
Berkeley  Springs,  W.  Va..  239. 
Berthelot.  cited.  59. 
Bex.  Switi.,  anhydrite  at,  179. 
Big  Cottonwood  Cafion.  Utah.  466. 
Big  Stone  Gap  coal  field,  26. 
Bingham  Cafion,  Utah,  466. 

copper  ores,  413. 
Birch  Creek.  Alas..  502. 
Birmingham,  Ala.,  27,  373,  375. 
Bisbee,  Aris.,  317. 
Bisbee  District,  Aris..  407. 
Bischof,  G.,  cited.  160. 
Bismite,  542. 

Bismuth,    distribution    in    United    States, 
542. 

in  copper  ore,  396. 

ore  minerals,  542. 

production,  543. 

references  on.  543. 

uses  of,  542. 
Bismuthinite.  542. 
Bismutite,  542. 
Bitumens,  references  on,  tOO. 

semi-solid,  85. 

solid,  85. 

origin  of,  91. 


Bituminous  coal,  analyses  of,  6. 

SeeCoBl. 
Bituminous  rocks,  90. 

origin  of,  91. 

production  of,  96. 
Black  band  ore,  defined,  385. 
Black  Hills.  S.  Dak..  498,  558.  560. 
Black  jack,  426. 
Black  Lake,  Que..  216. 
Blanket  vein.  332. 
Blende.  426. 
Block  coal.  25,  29. 
Blount  Mountain  coal  field,  27. 
Bluebaugh  coal,  25. 
Bluebird  granite,  398. 
Blue  Rapids,  Kan.,  182. 
Bluestone,  defined.  117. 
Bog  ore.  349. 

Bohemia  district,  Mont.,  495. 
Bonanxas,  defined,  337. 
Bonneterre  formation,  429. 
Boone  formation,  290,  438. 
Boracite,  174. 
Borax,  dbtribution  in  United  States,  174. 

minerals,  174. 

production  of.  176. 

references  on,  176. 

uses  of.  176. 
Bomite,  395. 
Borts,  208,  265. 
Boston  Mountains,  Mo..  437. 
Boteoourt  County,  Va.,  520. 
Boulder.  Colo.,  79. 
Boulder.  Mont.,  312. 
Boulder  County,  Colo..  230,  495. 
Boutwell,  J.  M.,  cited,  415. 
Bowling  Green.  Ky.,  112. 
Bownocker,  J.  A.,  cited,  25. 
Bradford  district.  Pa.,  83. 
Brandenburg,  Ky.,  247. 
Branner,  J.  C.  cited,  195. 
Brass,  453. 
Braunite,  522. 
Braxil,  magnetite  sand,  364. 

oil  shale,  91. 
Braxilian  emerald,  267. 
Breece  Hill.  Colo.,  447,  542. 
Brewster  County,  Tex.,  534. 
Brick  clay,  defined,  130. 

distribution  of,  134. 
Rridger,  88. 
Bridgeton.  N.  J.,  239. 
Britannia  metal,  539. 
Brittle  silver,  469. 
Brochantite,  395. 
Bromine,  production,  171. 

references  on,  172. 

sources  of,  171. 

usee  of,  171. 
Bromyrite.  171,  469. 
Bronse.  421. 

Brooks,  T.  B..  cited.  369. 
Brown  ore,  349. 
Brownstone,  defined.  117. 
Buckley,  E.  R.,  cited.  220,  429,  448. 
Buehler,  H..  cited,  443. 
Buhrstones,  202. 

foreign  sources,  202. 
Building  stones,  101 ;   absorption,  105  ;   ande- 
site,  111;  anorthosite,  110;   basalt, 


672 


INDEX 


Building  stones  (CcnHnued). 

110;  chemical  oompoeition,  106; 
color,  101 ;  crushing  strength,  104 ; 
diabase.  110 ;  density,  102 ;  exports, 
122 ;  fire  resistance,  106 ;  frost  re- 
sistance. 106;'  gabbro,  110,  111; 
grain  of,  107 ;  granites,  107 ;  hard- 
neas.  103;  imports,  122;  life  of. 
106;  limestones.  111 ;  marble.  111 ; 
permanent  swelling,  106;  porosity, 
105;  production  of,  120;  quarry 
water,  105;  references  on,  122; 
rift  of,  107 ;  slate,  139  ;  strength  of, 
104;  struotival  features  a£feeting 
quarrying,  107;  texture.  102; 
transverse  strength,  104. 

Bully  HiU,  Calif.,  419. 

Burke.  Ido.,  458,  538. 

Burke  formation,  459. 

Burro. Mountains,  N.  Mex.,  270. 

Butte,'  Mont.,  398. 

Butte  County,  Calif.,  556. 

Butte  granite,  398. 


Cadmium,  ores,  analjraes  of,  544. 
references  on,  544. 
sources  of,  543. 
uses  of,  543. 

Caddo  oil  field,  Louisiana,  79. 

Cahaba  coal  field,  27. 

Calamine,  426. 

Calaveras  formation,  528. 

Calaverite,  468. 

Calcasieu  Parish,  La.,  277. 

California,  arsenic,  541 ;  bituminous  rocks, 
90 ;  borax,  174 ;  building  stone, 
110 ;  cement,  153  ;  chromite,  545  ; 
eoal,  35 ;  copper,  419  ;  corundum, 
207 ;  diatomaoeous  earth,  223 ; 
fire  clay,  133  ;  kunsite,  269 ;  gold, 
474,  495  ;  gypsum.  183  ;  lime,  146  ; 
lithium,  246;  magnesite,  248; 
maltha,  89 ;  manganese,  528 ; 
marble,  114 ;  mercury,  533 ;  natu- 
ral gas,  84  ;  ocher,  258  ;  oil  asphalt, 
89;  onyx,  115;  opal,  268;  os- 
mium, 557  ;  petroleum,  75  ;  plati- 
num, 555;  salt,  159;  slate,  120; 
sodium  carbonate,  173 ;  sodium 
sulphate,  172  ;  stoneware  clay,  133  ; 
sulphur,  279 ;  topai,  269 ;  tour- 
maline, 270 ;  tungsten,  564. 

Calomel.  532. 

Calumet  conglomerate,  404. 

Calvert  County.  Md.,  224. 

Cambrian.  83,  112,  119.  120, 147. 151. 183. 195. 
219,  220.  239.  258.  259.  274.  287. 357. 
382. 383.  385.  409.  429. 432, 435. 437. 
441. 442,  443,  446. 447. 449. 467, 470, 
486,  490.  498,  499,  526. 

Caminetti  law,  497. 

Campbell.  M.  R.,  cited.  2.  10,  13,  15. 

Canada,  asbestos,  214. 
corundum.  208. 

Cannel  coal.  «w  Coal. 

Canon  City.  Colo..  33.  254,  445,  558. 

Canton.  N.  Y..  283. 

Cape  Nome,  Alas.,  504. 

Cape  Yakataga  oil  field,  Alas.,  81. 


Carbon,  as  precipitant  of  metals,  337. 
Carbonado,  206,  265. 
Carbon  County,  Pa.,  260. 
Carbon  County,  Wyo.,  371. 
Carbonate  Hill,  Leadville,  Colo.,  447. 
Carboniferous,  21,  36,  37,  70,  80.  84,  86,  87,  90. 
131, 132, 133, 145, 148, 152. 165, 166. 
188. 193, 195,  229.  240,  242, 266.  269. 
278.  343, 385. 407, 442, 461. 464.  466. 
470.  476,  479,  486.  499,  527,  62g. 
Carfoonite,  4,  33. 
Carborundum,  209. 
Cannel,  N.  Y.,  541. 
Camallite,  160. 
Camotite,  566. 
Carroll  County,  Va.,  549. 
Cartersville,  Ga.,  516,  526. 
Cascade  Range,  475. 
Cason  shale.  527. 
Caasiterite,  558. 
Castle,  Mont.,  528. 
Catoctin  type,  copper,  419. 
Cat's  eye,  267. 
Catskni  formation,  83. 
Cattaraugus  County,  N.  Y.,  70,  260. 
Cave  Spring,  Qa.,  526. 
Cavities,  formation  of,  323. 
Celestite,  276. 
Cements,  calcareous,  139. 

hydraulic,  140. 

natural  rock,  defined,  142. 

oxychloride,  250. 

Portland,  definition  of,  143. 

poBSUolan,  140. 

production  of,  154. 

raw  materisJs,  distribution  of,  145. 

references  on,  156. 

uses  of,  153. 

volcanic  ash  for,  141. 
Central  City.  Colo..  488. 
Central  Missouri,  lead  district,  443. 
Cerargyrite,  469. 
Cerillos,  N.  Mex.,  coal,  10,  38. 
Cerium,  264. 

Chaffee  County,  Colo.,  464. 
Chalcanthite,  395. 
Chaloocite,  395. 
Chaloopyrite,  395. 
Chalk,  definition  of,  112. 
Chara.  precipitant  of  mari,  152. 
Charies  County,  Md.,  224. 
Chattanooga,  Tenn.,  373,  519. 
Chattanooga  coal  district,  27. 
Chemung  formation,  70,  71. 
Cherokee  County,  N.  C,  274. 
Cherokee  County.  S.  C,  560. 
Cherokee  shales.  31,  76,  84. 
Chert,  274. 
Chester,  Mass.,  208. 
Chester  County.  Pa..  545,  562. 
Chester,  Vt.,  288. 
Chester  group,  74. 
Chichagof  Island,  Alas.,  188. 
Chico  formation,  533. 
Chile.  77. 

Chilton  County,  Ala..  243. 
Chimey.  ore,  defined,  332. 
China  day,  defined,  130. 
Chloanthite.  548. 
Chlorination  process,  473. 
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Chromio  iron  ore,  ore  minerabi,  544. 
Chromite,  analyses  of,  545. 

distribution  in  United  States,  545. 

origin  of,  544. 

production  of,  546. 

references  on,  547. 

usee  of,  546. 
Chromium,  per  cent  required  in  ore,  340. 
ChrysoooUa,  395. 
Chrysotiie.  211. 
Churchill  County.  Nev..  167. 
Cinnabar,  532. 
Cirkel,  F.,  cited.  211,  216. 
Claiborne  formation,  384,  519. 
Clarion  coal,  25. 
Clark  County,  111.,  74. 
Clarke.  F.  W..  cited,  50,  271. 
Clay,  .£olian,  125. 

alkalies  in,  127. 

alxmiina  in,  127. 

analyses  of,  129. 

brick,  distribution  of,  134. 

carbon  in,  127. 

chemical  properties,  127. 

classification  of,  128. 

definition,  124. 

distribution  by  kinds,  131. 

fire,  distribution  of,  132. 

flood  plain,  125. 

fusibility,  126. 

geologic  distribution,  130. 

glacial,  126. 

iron  oxide  in,  127. 

kinds  of.  130. 

lake,  125. 

lime  in,  127. 

magnesia  in,  127. 

marine,  125. 

mined,  production  of,  136. 

plasticity  of,  126. 

pottery,  distribution  of,  133. 

products,  production  of,  135. 

properties  of,  126. 

references  on,  136. 

residual,  124. 

sedimentary,  125. 

shrinkage,  126. 

silica  in,  127. 

specific  gravity  of,  127. 

sulphur  in,  128. 

teiuile  strength.  126. 

tile,  distribution  of,  134. 

titanic  acid  in,  127. 

transported,  125. 

uses  of,  134. 

water  in,  127. 
aay  County.  Ala.,  243,  283. 
Clay  iron  stone,  defined,  385. 
Clay-iron  stone  ore,  349. 
Clear  Creek  County,  Colo.,  488. 
Clear  Lake,  Calif.,  174. 
Cleavage,  of  slate,  118. 
Cleveland.  O.,  163. 
Cleveland  County,  N.  C,  560. 
Clifton-Morenci  District,  Aris.,  409. 
Clinton,  N.  Y..  267,  373. 
ainton  formation.  71,  83,  147,  373,  378,  379. 
Clinton  ore,  analyses  of,  377. 

as  mineral  paint,  257. 

distribution  in  United  States,  372. 


origin  of,  378. 

varieties  of,  375. 
Coal,  Alaska  field,  36. 

analyses,  elementary,  12. 

analysis,  proximate,  4. 

anthracite.  22. 
properties  of,  3. 

Appalachian  field,  20. 

ash,  analyses  of.  5. 

ash  in,  5. 

associated  rocks,  16. 

beds,  number  of,  16. 
thickness  of,  16. 

bituminous,  properties  of,  2. 

blossom,  16. 

cannel,  properties  of,  3. 

carbonite.  4. 

chemical  changes  in  formation  of,  11. 

classification  of,  12. 

coke,  natural.  4. 

coking,  defined,  2. 

Eastern  Interior  field,  27. 

exports,  40. 

faults  in,  18. 

fields  of  United  States,  18. 

fixed  carbon  in,  5. 

geologic  distribution,  19. 

imports  of,  40. 

kinds  of,  1. 

moisture  in,  5. 

Northern  Interior  field,  29. 

organisms  forming,  9. 

origin  of,  7. 

outcrops,  16. 

Pacific  coast  field,  34. 

partings  in,  17. 

production,  37. 

references  on.  46. 

relation  of  folding  to  origin,  10. 

reserves,  19. 

Rocky  Mountain  fields,  32. 

semi-anthracite,  properties  of,  3. 

semi-bituminous,  properties  of,  3. 

southern  Appalachians,  26. 

Southwestern  field,  30. 

structural  features  of,  16. 

sub-bituminous,  properties  of,  2. 

sulphur  in.  5. 

Triassic  field.  27. 

United  SUtes,  18. 

volatile  hydrocarbons  in,  5. 

weathering  of,  18. 

Western  Interior  field,  30. 

See  Peat. 
Coal  breaker.  23. 
Coalinga  field,  Calif..  75. 
Coal  measures,  28,  74.  182,  240. 
Cobalt.  554. 

bloom,  548. 

distribution  in  United  States,  548. 

ore  minerals  of,  548. 

references  on.  555. 

uses  of.  554. 
Cobalt.  OnUrio,  552. 
Cobaltite,  548. 

Cochise  County.  Aris.,  495,  504. 
Cockeysville,  Md.,  114. 
Cody,  Wyo.,  278. 

CoBur  d'Alene.  Ido..  silver-lead  deposits,  458. 
Coffeyville.  Kas..  75. 
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Coke,  agate-mortar  test  for,  3. 
defined,  2. 
natural,  4. 
production  of,  42. 
Coking,  cause  of,  3. 
Cold  Bay  oil  field,  Alas.,  81. 
Coleman,  A.  P..  cited,  551.  552. 
Colemanite,  174. 
Collier,  cited,  13. 

Colorado,  bismuth,  542  ;  building  stones.  110, 
111 ;    cement,  153 ;    coal,  33 ;    cop- 
per, 410  ;   corundum,  207  ;   fireclay 
133  ;   fluorspar.  230  ;   fuller's  earth 
236 ;     gold,    481 ;     gypsum,    183 
manganese,     528 ;      marble,     1 14 
mica,  254  ;   natural  coke.  4  ;   onyx 
115;   petroleiun.  79;   siderite,  385 
silver.  481;    silver-lead,  461,  463 
stoneware  clay,  133  ;   sulphur.  279 
tantalum,    558 ;      tellurium,     558 
titaniferous    magnetite,    361,    362 
topas,  269;    turquoise.  270;    tung- 
sten, 564  ;   tiranium,  566  ;   volcanic 
ash,  204  ;   sine,  484. 
Columbite,  264.  558. 
Colusa  County.  Calif..  533. 
Comanche  County,  Kas.,  182. 
Commonwealth  mine,  Aris.,  495. 
Comatock  Lode,  Nev.,  goldnsilver  deposits,  494. 
Conemaugh  series,  22,  25.  26.  28,  70,  72. 
Connasauga  shales,  518. 
Conneaut,  O.,  235. 

Connecticut,  brownstone,  117  ;    copper,  419  ; 
diabase,  110;    diatomaooous  earth, 
224;    feldspar,   226;    kaolin.    132; 
lithium.  246 ;  quarts,  274. 
Converse  Cafion,  Woy.,  546. 
Converse  County,  Woy.,  81. 
Coosa  coal  field,  27. 
Coosa  County,  Ala.,  243. 
Coos  Bay,  Ore.,  35. 
Coplay,  Pa.,  151. 
Copper,  classification  of  ores,  396. 
deposition  from  hot  springs,  312. 
distribution  in  United  States,  397. 
gangue  minerals,  395. 
gossan  ores,  395. 
impiuities  in  ore,  396. 
native,  395. 

per  cent  required  in  ore,  339. 
production  of,  422. 
ore  minerals  of,  395. 
references  on,  424. 
reserves,  423. 
usee  of,  421. 
value  of  ores,  396. 
weathering  of  ores,  397. 
Copper  Cliff  mine,  551. 
Copper  Mountain,  Alas.,  420. 
Copper  ores,  gold  and  silver  bearing,  471. 
Copper  River,  Alas.,  37. 
Copper  River  oil  field,  Alas.,  81. 
Coquina,  definition  of,  112. 
Cordilleran  region,  gold-silver  deposits,  474. 
Comiferous  formation,  71,  83. 
Cornwall,  Pa.,  357. 
Corsicana,  Tex.,  79. 
Corundum,  analyses  of,  206. 
associated  minerals,  207. 
as  aluminum  ore,  516. 


distribution  of,  in  United  States.  207. 

from  Canada,  208. 

occurrence  of,  206. 

origin  of,  207. 

properties  of,  206. 

production  of,  209. 

references  on,  209. 

iS««  cUso  Emery. 
Coste,  E..  cited,  60. 
Coulters.  Utah,  86. 
Covellite,  395. 
Cowee  County,  N.  C.  269. 
Coyote  Creek,  Utah,  539. 
Crawford  County,  111.,  74,  75. 
Creede,  Colo.,  484. 

lead  and  sine  ores,  451. 
Crested  Butte,  Colo..  10,  33. 
Cretaceous,  30,  33,  34,  37.  77.  79.  80,  01,  112, 
132, 133, 146, 152. 166. 107, 235,  239. 
249,  266, 277.  295,  344. 385. 407,  409, 
410,  470.  474,  489.  533. 
Cripple    Creek.    Colo.,    gold-eilver    deposits, 

481. 
Critical  level,  defined,  325. 
Crosby,  W.  O.,  cited,  490.- 
Crustification,  defined,  320. 
Cryolite,  516. 

Ciunberland  County,  111.,  74. 
Cuprite,  395. 
Curie,  J.  H.,  cited,  490. 
Curtis,  J.  S.,  cited,  300. 
Custer  County,  Colo.,  230. 
Custer,  S.  Dak.,  254. 
Cuyuna  range,  Minn..  360. 
Cyanide  process,  473. 


Daggett,  Calif.,  176. 
Dakota  sandstone,  488. 
Dakota  shales,  165. 
Dale,  T.  N.,  cited,  110. 
Danville,  Que.,  216. 
Darton,  N.  H.,  cited.  147. 
Daubr^e,  A.,  cited,  550. 
Davidson  Coimty,  Tenn.,  101. 
Davis,  C.  A.,  cited.  44. 
Davis  coal,  25. 
Davis  formation,  420. 
Davis,  Mass.,  283. 
Day,  D.  T.,  cited,  63,  67,  70,  82. 
Dead  Sea,  salt  forming  in,  160. 
Death  Valley,  Calif.,  borax  in,  175. 
Decatur  County,  Ga..  236. 
Decatur  County,  Tenn.,  191,  103. 
De  la  Beche,  H..  cited,  325. 
De  Launay,  L.,  cited,  313. 
Delaware  Cotmty,  Pa.,  545. 
Del  Rio  shales,  534. 
Denver,  Colo.,  33. 
Des  Moines  coal  series,  31. 
Devonian,  25,  28,  68,  71,  83,  01,  117,  147,  183, 
191, 195. 240,  260.  384, 400.  437.  442, 
447,  461,  470,  486. 
Diabase,  distribution,  110. 
Diamond,  as  abrasive,  208. 

as  abrasive,  foreign  sources,  200. 

in  United  States.  266. 

origin  of,  266. 

properties  of,  265. 
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DiatomaoeouB  earth,  aa  abraaiTe,  204. 

analyses  of,  223. 

distribution  in  United  States,  223. 

properties  of,  222. 

references  on,  210.  224. 

uses  of,  224. 
Diatoms,  as  source  of  oil,  77. 
Dickinson  County,  Kas.,  182. 
Dickson.  C,  cited,  221,  652. 
Didymium,  204. 
Diller,  J.  S.,  cited.  271. 
Disseminated  deposit,  defined,  333. 
Dodge  County,  Wis..  373. 
Doerun  formation,  429. 
Dolomite,  definition  of,  112. 
Doloies  County,  Colo.,  403,  484. 
Douglas  formation.  31. 
Douglas  Island,  Alas.,  502. 
Dowling,  D.  B.,  cited,  15. 
Dowling,  theory  of  coal  formation,  11. 
Dragoon,  Aria.,  504. 
Dresser,  J.  A.,  cited,  210. 
Dry  blowing  of  gold,  408. 
Dry  ores,  of  gold  and  silver,  471. 
Duck  River,  Tenn.,  101. 
Ducktown,  Tenn.,  copper  ores,  417. 
Dunkard  series.  21,  23,  25. 
Dunnellon,  Fla.,  188. 
Durango,  Colo.,  484. 
Dyestone  ore,  372. 

E 

Eagle  Ford  shale,  79,  634. 

Eagle  Pass,  Tex.,  34. 

Eagle  River,  Colo..  404. 

Earthenware  clay,  defined,  130. 

East  Broughton,  Que.,  210. 

Eastern  crsrstalline  gold  belt,  600. 

Eastern  Interior  field,  27. 

East  Granville,  Vt.,  288. 

Easton,  Pa.,  288. 

Eckel,  E.  C,  cited,  378. 

Edwutls  limestone,  534. 

f^lestonite.  635. 

Eldridge,  Q.  H.,  cited.  70,  85. 

Elk  County,  Pa.,  83. 

Elk  Garden  coal,  25. 

Elkhom.  Mont..  382. 

El  Paso,  Tex.,  634. 

Ely,  Nevada,  copper  deposits,  416. 

Embar  limestone,  278. 

Embolite.  171. 

Emerald,  properties  of.  207. 

Emery,  analyses  of,  20i8. 

distribution  in  United  States,  208. 

foreign  sources,  208. 

properties  of,  200. 
•    references  on,  209. 
Emmons,  S.  F.,  cited,  317,  329,  333,  448. 
Enargite,  396. 

Eocene,  33.  101.  173,  189,  639. 
Epigenetic  deposits,  origin  of,  300. 
Erie  County,  N.  Y.,  83,  140. 
Erythrite.  548. 

Essex  County,  N.  Y.,  205,  242,  302. 
Ethane  in  natural  gas,  52. 
Ethylene  in  natural  gas,  62. 
Eureka  District.  Nev.,  silver4ead  ores,  407. 
Eureka,  Nev.,  300,  382. 
Eureka,  Utah.  400. 


Evanston,  Wyo..  81. 
Evergreen,  Colo.,  230. 


Fahlband,  defined,  332. 
Fairbanks  District,  Alas.,  505. 
Fayetteville-Manlius  District.  N.  Y.,  140. 
Feather  River,  Calif.,  497. 
Feldspar,  analyses  of,  220.  227. 

as  abrasive.  206. 

distribution  in  United  Statc».  220. 

occurrence  of,  225. 

production  of,  227. 

properties  of,  225. 

references  on,  228. 

uses  of,  227. 
Ferberite.  603. 
Fergus  County,  Mont.,  209. 
Ferguson,  Okla.,  107. 
Fernando  formation,  77,  223. 
Ferric  chloride,  as  solvent  of  gold,  470. 
Ferric  sulphate,  as  solvent  of  gold.  470. 
Fertilisers,  187. 

apatite,  187. 

exports  and  imports,  197. 

greensand,  197. 

guano,  190. 

phosphate,  188. 

production  of,  197. 

references  on,  197. 

uses  of,  197. 
Fifth  sand,  71,  83. 
Findlay,  0„  71. 
Fire  clay,  defined,  130. 

distribution,  132. 
Fissure  veins,  defined,  329. 
Flagstone,  defined,  117. 
Flat  top  coal  field.  20. 
Flint,  274. 

Flint  clay,  defined,  130. 
Florence,  Colo.,  79. 
Florence,  Ido.,  480. 
Florida,  fuller's  earth,  230. 

phosphate,  188. 

pottery  clay,  133. 
Floyd  County.  Va.,  541.  549. 
Fluorspar,  analyses  of,  231. 

distribution  in  United  States,  228. 

English,  230. 

imports,  230. 

occurrence  of,  228. 

origin  of,  229,  230. 

production  of,  231. 

properties  of.  228. 

references  on,  232. 

\ises  of,  231. 
Fort  Defiance.  Utah,  207. 
Fort  Dodge.  la..  182. 
Fort  Scott.  Kas..  148. 
Fort  Scott  limestone.  75. 
Fort  Worth  limestone,  534. 
Forty  Mile  Creek.  Alas.,  502. 
Fossil  ore,  349.  372. 
Fossiliferous  limestone,  112. 
Foundry  sands,  analyses  of.  233. 

definition  of.  232. 

distribution  in  United  States,  236. 

physical  tests  of,  234. 

production  of,  236. 

references  on,  235. 
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Foundry  flanda,  requisite  properUee,  233. 
Fourche  Mountain,  Ark..  619. 
Franciaoan  formation.  62&. 
Franklin.  N.  J..  432. 
Franklin  County.  Maaa.,  288. 
Franklin  Ck>unty,  N.  Y..  382. 
Franklinite.  426. 

as  iron  ore,  349. 
Fraier,  P.,  cited,  3,  13. 
Frederiok,  Wyo..  371. 
Frederiokaburg  limeatone,  534. 
Frederioktown,  Mo..  109,  648. 
Fredonia,  N.  Y.,  92. 
Free  milling  ores,  defined,  472. 
Freeport  formation,  28. 
Freestone,  defined.  117. 
FreibergitB,  469. 

Frisco,  Utah,  lead  and  sine  ores,  461. 
Front  Royal,  Va..  525. 
Fud  ratio,  of  coal,  13. 
Fuller's  earth,  analyaes-of,  236. 

distribution  in  United  Stotes,  236. 

production  of,  236. 

properties  of,  236. 

references  on,  237. 
Furnace  Cafion,  Calif.,  176. 


Qabbro,  for  building.  110. 

Gadsden  County.  Fla.,  236. 

Qaffney,  8.  C.  660. 

Galena  limestone,  443.  444. 

Galida,  osokerite  in,  86. 

Gangue  mineral,  defined,  305. 

Gap  Nickel  mine.  Pa.,  649. 

Garland  County,  Ark.,  203. 

Garfield  County,  Utah,  639. 

Garnet,  as  abrasive,  distribution  of,  205. 
as  gem,  distribution  of,  267. 

yarieties  of.  267. 
uses  of,  206. 

Gamlerite,  5^. 

Gas,  M0  Natural  gas. 

Gas  wells,  pressure  in,  64. 

Gash  veins,  defined,  332. 

Gaston  County,  N.  C,  220,  66a 

Gem,  Ido.,  458. 

Gems,  sae  Precious  stones. 

Genesee  County,  N.  Y.*  181. 

Genthite,  648. 

George,  R.  D.,  cited,  79. 

Georgetown.  Colo.,  488. 

Georgetown  District.  Colo.,  gold-silver  de- 
posits. 488. 

Georgia,  asbestos,  212 ;  barite,  220 ;  bauxite, 
516,  619  ;  cement,  147 ;  corundum, 
207 ;  fuller's  earth,  236 ;  gold,  500 ; 
granite,  109 ;  graphite,  243 ;  fire- 
clay, 133 ;  hydraulic  lime,  141 ; 
kaolin,  132 ;  lead,  429 ;  manganese, 
626 ;  marble.  114  ;  mica,  266 ;  min- 
eral paint,  267  ;  ocher,  268 ;  phos- 
phate, 195 ;  pyrite,  283 ;  slate,  120. 

German  silver,  453. 

Gersdorflite,  648. 

Gibbsite.  516. 

Gibson  County,  Ind.,  74. 

Giles  County,  Tenn.,  191. 

Gillette,  H.  P.,  cited,  326. 


Gilpin  County,  Colo.,  488.  566. 
Gilsonite,  88. 
Glsaspot  day,  134. 
Gloss  rock,  Wis.,  sine  mines,  443. 
Glass  sand,  analyses  of,  238. 
chemical  composition,  237. 
distribution  in  United  States,  230. 
mechanical  analyses,  239. 
physical  properties,  238. 
production  of,  240. 
references  on,  240. 
Glauber  salt,  172. 
Glendale,  Mont.,  467. 
Glendon.  N.  C,  289. 
Glen  Pool,  Okla.,  76. 
Globe  District,  Aris.,  412. 
Golconda,  Nev.,  628. 
Gold,  beach  placers,  498. 

deposition  from  hot  springs,  312. 

distribution  in  United  States,  473, 

eastern  belt,  Tertiary  veins.  480. 

extraction  of,  472. 

geological  distribution,  470. 

gravels,  496. 

late  Cretaceous  and  eariy  Tertiary 

478. 
milling  centers  of  United  States,  473. 
mode  of  oocurrenoe,  469. 
native,  468. 
nuggets,  496. 
ore  minerals  of,  468. 
orea,  classification  of,  471. 
Pacific  ooaat  Cretaceoua  gold,  quarts 

474. 
per  cent  required  in  ore,  340. 
production  of,  606. 
references  on,  612. 
relative  importance  ot  producfns  ns>oiia, 

474. 
reserves,  612. 

secondary  enrichment.  470. 
solvents  of,  470. 
uses  (rf,  606. 

weathering  of  ore  minerals  of,  470. 
See  Gold  under  atates. 
Goldfield,  Nev.,  gold-sUver  depoaita,  490. 
Gold  HiU.  N.  C,  501. 

copper  ores,  417. 
Goodrich  formation,  368. 
Gordon  sand,  83. 
Gossan,  defined,  336. 
Gdthite,  360. 
Gouge,  defined,  330. 
Gouvemeur,  N.  Y.,  114,  283,  287. 
Graham  County,  Ajis.,  409. 
Grahamite,  86. 
Grain  of  atone,  107. 
Grand  C6te.  La.,  166. 
Grand  County,  Utah,  628. 
Grand  Encampment,  Wyo.,  420. 
Grand  Rapida,  Mich.,  182. 
Granites,  107. 

distribution  of,  108. 
properties  of,  108. 
uses  of,  1 10. 
Grant  Coimty,  Ore.,  649. 
Graphite,  amorphous,  241. 
analyses  of,  241. 
artificial,  245. 
as  paint,  261. 


INDEX 


677 


crystalline,  241.* 

distribution  in  United  Statee,  242. 

ooourrenoe  of,  241. 

origin  of,  243. 

production  of,  245. 

properties  of,  241. 

references  on,  246. 

Rhode  Island,  analyses,  243. 

uses  of,  244. 
Grass  Valley,  Calif.,  477. 
Graton.  L.  C.,  cited.  600. 
Grayson  County,  Va.,  540. 
Great  Falls,  Mont..  401. 
Great  Gossan  Lead.  381. 

copper  ores,  418. 
Greenbrier  limestone,  72,  183. 
Green  County,  Va.,  419. 
Greene  County.  Pa..  83. 
Greenockite,  543. 
Green  River  coal  field,  83. 
Greensand.  analyses  of,  197. 

definition.  197. 
Greisen,  559. 
Grindstones,  distribution,  202. 

properties  of,  202. 

references  on.  210. 
Groddeck.  A.  v..  cited,  822. 
Groosularite.  205. 
Ground  water.  293. 
Guano,  bat.  197. 

occurrence  of,  196. 
Guernsey,  Wyo.,  371. 
Gulf  Province  lignites,  34. 
Gumbo,  defined,  130. 
Gunnison  County,  Colo.,  528. 
Gypsite.  178,  179. 
G3rpsite,  Kansas,  origin  of.  182. 
Gypsum,  analyses  of,  183,  184. 

as  paint,  261. 

calcining,  184. 

distribution  in  United  States,  180. 

geologic  distribution,  180. 

gypsite,  179. 

imports,  186. 

impurities  in,  179. 

occurrence.  178. 

origin  of,  179. 

production  of,  185. 

properties  of,  178. 

references  on,  186. 

sand.  183. 

uses  of,  184. 

varieties  of,  178. 
Gypsum  City,  Kas.,  182. 


Haile  mine,  S.  C,  501. 
Hall.  J.,  cited.  378. 
Hamilton  formation,  152,  260. 
Hams  Fork  coal  field,  38. 
Hanover.  N.  M.,  543. 
Harder.  E.  C.  cited,  360. 
Hardin  County,  III.,  229. 
Harian  County.  Neb.,  204. 
Harney  Peak,  S.  Dak..  560. 
Harris,  Calif.,  223.  » 

Harris,  G.  D.,  cited,  161,  166.  277. 
Hartfoid,  W.  Va..  171. 
Hartville  District.  Wyo.,  371. 

2p 


Hayee.  C.  W.,  cited,  193,  250,  392,  518.  519. 

Hawaii,  77. 

Haworth,  E..  cited.  441. 

Helium,  in  natural  gas,  58. 

Hematite,  as  iron  ore.  349. 

as  mineral  paint.  257. 

distribution  in  United  States,  364. 

Sw  aUo  Clinton  ore ;  Analyses. 
Herkimer  County.  N.  Y.,  224. 
Hermoea  formation,  463. 
Hess,  F.  L..  cited,  538. 
Hetta  Inlet.  Alas.,  420. 
Hickman  County,  Tenn.,  191. 
Hinckley,  N.  Y..  224. 
Hinsdale  County,  Colo.,  484. 
Holston  Valley.  Va..  165,  183. 
Homestake  belt,  S.  Dak..  498. 
Horn  silver.  469. 
Horn  Silver  mine,  451. 
Houghton,  Mich..  403. 
Houghton,  D.,  cited,  402. 
Howes  Cave.  N.  Y.,  146. 
Habnerite.  563. 
Hudson  River  shale.  120,  261. 
Humboldt  County.  Nev.,  538. 
Hundred  foot  sand,  71. 
Huronian,  365.  367.  368,  550,  553. 
Huron  sandstone.  71. 
Hydraulic  limes,  distribution,  146. 

limestone,  112. 
■  properties  of,  141. 
Hydrocarbons,  60. 
Hydrosinoite,  426. 

I 

Idaho  Basin,  Ido.,  480. 

Idaho,  copper,  420.  460 ;  gold,  460,  479.  495 ; 
gypsum,  183  ;  lead,  458 :  nickel, 
549;  phosphate,  193;  salt,  167; 
sUver,  458,  479,  495. 

Idaho  Springs,  Colo.,  488,  489. 

Igneous  rocks,  miscellaneous  for  building,  1 10, 

Illinoia,  brick  day,  134 ;  cement,  147;  coal.  27 
28;  fire  day,  132;  fluorspar.  229 
glass  sand,  239 ;  petroleum,  67,  74 
petroleum  sands,  thicknesa  of,  63 
pyrite,  283 ;  stoneware  day,  133 
tripoli,  291 ;   sine,  436.  443. 

IlmenHe,  562. 

Impregnation,  332. 

Indiana,  cement,  152 ;  coal,  27.  29 ;  fire  day, 
132  ;  foundry  sand.  235 ;  glass  sand. 
239;  limestone.  112;  natural  gas. 
84 ;  petroleum,  71 ;  petroleum, 
distillates  from,  52;  pyrite,  283; 
stoneware  day,  133;  whetstones, 
208. 

Infuaorial  earth.  204. 

Inverness,  N.  S.,  17. 

Inyo  Coimty,  Calif..  114.  173. 

Iodine,  references  on,  177. 
souroes  of,  177. 

lodobromite,  171. 

lodyrite,  460. 

Iosco  Coimty,  Mich.,  182. 

Iowa,  coal,  30 ;  gypsum.  182 ;  iron,  384  ; 
lead,  443;  lime.  146;  limestones, 
112 ;  lithographic  stone,  247 ;  stone- 
ware day,  133  ;   sine,  443. 

Iridium,  557. 
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Iridoomine,  555. 
Iron  Hill.  Leadville.  Colo..  447. 
Iron  Mountain,  Wyo..  363. 
Iron  ores,  classification  of,  350. 

Clinton  ore.  372. 

hematite,  364. 

impurities  in,  350. 

limonite,  379. 

maipietite,  351. 

ore  minerals,  349. 

production  of,  3S5. 

references  on,  392. 

reserves,  390. 

siderite,  3S5. 
Iron,  per  cent  required  in  ore,  339. 
Irving,  J.  D.,  cited,  334. 
Ithaca.  N.  Y.,  163. 


Jack.  426. 

Jacksonville,  Ala..  516. 
James  River,  Va.,  524. 
Jamestown,  Colo.,  230. 
Japan,  77. 

volcanic  ash  from,  141. 
Jasperoid,  defined,  439. 
Java,  copper-bearing  springs,  312. 
Jefferson  County,  Colo.,  230. 
Jefferson  County,  Mont.,  467. 
JcUioo  coal  field,  27. 
Jenney.  W.  P.,  cited,  441. 
Jennings,  La.,  79. 
Jerome  District,  Aris..  412. 
Jet,  definition  of,  2. 
Johnson,  D.  W.,  cited,  271. 
Johnson  township.  111.,  75. 
Joplin,  Mo.,  543. 

area  lead  and  sine  deposits.  437. 
Joplin  District,  origin  of  ores,  440. 
Josephinite,  556. 
Juab  County,  Utah,  431,  528. 
Juneau,  Alas.,  502. 
Juniata  County,  Pa.,  195. 
Juraasic.  37.  76,  343.  463.  476.  490,  533,  566. 

K 

Kansas,  artesian  water,  295 ;  cement,  148, 
152  ;  coal,  30 ;  gypsite,  179  ;  gyp- 
sum, 182 ;  lime,  146 ;  limestones, 
112 ;  natural  gas.  84 ;  petroleum, 
52.  75  ;   salt,  165  ;   sine,  437. 

Kaolin,  defined,  130. 
origin,  131. 
distribution,  131. 

Katalla  oil  field,  Alas.,  81. 

Keene's  cement,  182. 

KeesevUle,  N.  Y.,  205. 

Keewatin  formation,  365,  552,  553. 

Keith.  A.,  cited.  357. 

Kemp.  J.  F.,  cited,  216.  316,  317.  322.  332, 
340.  357,  361.  434,  555. 

Kenmore,  O.,  163. 

Kentucky,  barite,  218,  220 ;  bituminous  rock, 
90 ;  cement,  148 ;  coal,  29 ;  fire 
clay,  132  ;  fluorspar.  228  ;  foundry 
sand,  235  ;  guano,  197  ;  limestones, 
112;  limonite,  .384;  lithographic 
stone,  247  ;  natural  gas,  84  ;   petro- 


leum, 68;    pottery  olay,  133;    aid* 

erite,  385. 
Kern  County.  Calif.,  89.  248. 
Kern  River  oil  field,  Calif.,  75,  76.  77. 
Kerosene  shale,  90. 

Ketchikan  copper  District,  Alas.,  420. 
Keweenaw  formation,  342,  365,  367,  368.  402, 

550. 
Keyes,  C.  R.,  cited,  470. 
Kidney  ore,  349. 
Kieserite,  160. 
Klondike,  Mo.,  239. 
Klondike  region,  Alas.,  504. 
Knox  dolomite,  220,  517.  518,  526. 
Koonts  coal,  25. 
Kootenai  coal,  34. 

KotsinarChitina  copper  region,  Alas.,  420. 
Krennorite,  468. 
Kunsite,  269. 

L 

Lafferty  Creek,  Ark.,  195. 

La  Follette  District,  Tenn.,  373. 

Lake  Asphalt,  88. 

Lake  Champlain,  N.  Y.,  364. 

Lake  Charies,  La.,  277. 

Lake  Sanford,  N.  Y.,  362. 

Lake  Superior  iron  region,  364. 

analyses  of  ores,  365. 

character  of  formations,  365. 

CujrunA  range,  869. 

geologic  section,  365. 

growth  of,  371. 

Marquette  range,  368. 

Menominee  range,  368. 

Mesabi  range,  368. 

origin,  369. 

Penokee-Gogebic  range,  368. 

Vermilion  range,  369. 
Lamoille  County,  Vt.,  212. 
Lamotte  formation,  429. 
Lancaster  County,  Pa.,  549. 
Lane,  A.  C,  cited,  29,  163,  179,  404. 
Lanthanum,  264.    ■ 
La  Plata  County,  Colo.,  484. 
La  Plata  sandstone,  566. 
Laramie  County,  Wyo.,  371. 
Laramie  formation.  33,  133,  385. 
Laredo,  Tex.,  34. 
La  Salle  County,  111.,  239. 
Latouche  Island,  Alas.,  420. 
Laurentian,  365.  550. 
Lautarite.  177. 

Lawrence  County.  111..  74,  75. 
Lawson,  A.  C,  cited,  416. 
Lead,  Appalachian  belt,  429. 

desilveriied,  431. 

distribution  in  United  States,  428. 

mode  of  occurrence,  427. 

ore  minerals  of,  427. 

per  cent  required  in  ore,  339. 

production  of,  453. 

references  on,  456. 

uses  of,  451. 
Lead  City,  S.  Dak.,  498,  564. 
Lead  ores,  conditions  of  formation,  428. 

gold  and  silver  be%ring,  472. 

grouping  of,  427. 

impurities,  427. 

weathering  of,  428. 
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Leadville.  Colo.,  381.  382,  528.  542. 

Leadville  Diatriet,  Colo.,  446. 

Lebanon  County,  Pa.,  357. 

Le  Conte,  J.,  cited,  813. 

Lee  County,  Va..  378. 

Lee,  Mass.,  114. 

Lehigh  County,  Pa.,  140.  151. 

Leith,  C.  K.,  cited,  860,  370. 

Lepidolite,  246. 

Lesley,  J.  P.,  cited,  62. 

Lewia,  H.  C,  cited,  267. 

I^ewis  County,  Tenn.,  101. 

Lewiatown  coal  field,  83. 

Lewiatown  formation,  384. 

Lignite,  age  of,  2. 

analyses  of,  6. 

properties  of,  2. 
Lime,  130,  140. 

distribution  of,  145.  • 

raw  materials,  140. 

references  on,  156. 

uses  of,  153. 
Limestone,  changes  in  burning,  140. 

composition  of,  130. 

distribution  in  United  States,  112. 

fossiliferous,  defined,  112. 

kinds  of.  Ill,  112. 

o6Utic,  defined,  112. 

properties  of,  for  building.  111. 

uses  of,  115. 
Ltmonite,  analyses  of,  386. 

as  iron  ore,  340. 

gossan  type,  distribution  of,  381. 

in  residual  clay,  381,  382. 

occurrence  of,  370. 

Oriskany.  384. 

residual,  origin  of,  383. 

S0e  Iron  ore  and  individual  states. 
Lincoln  County,  Neb.,  204. 
Linoolnton,  N.  C,  560. 
Lindgren,  W.,  cited,  312,  316,  317,  322,  333, 

423,  471,  480,  600,  512,  560. 
Linked  veins,  331. 
Linnsite,  548. 
Litharge,  451. 
Lithia  emerald,  267. 
Lithium,  production  of,  247. 

sources  of,  246. 
Lithographic  stone,  analyses  of,  247. 

properties  and  occurrence,  247. 

references  on,  248. 

sources  of  supi^y,  247. 
Lithophone,  453. 

Little  Cottonwood  Caflon,  Utah.  466. 
Little  Rock,  Ark.,  110. 
Livermore,  Calif.,  528. 
Llano  County,  Tex.,  110. 
Lode,  defined.  331. 
Loess,  defined,  130. 
lifillingite,  540. 
Lompoc,  Calif.,  223. 

oO  district.  76. 
Long  Island,  N.  Y..  364. 
Los  Alamos  Valley,  Calif..  223. 
Lofl  Angeles  oil  field,  Calif.,  75. 
Los  Cerillos  Mountains,  N.  Mez.,  270. 
Louisa  County,  Va..  28i2. 
Louisiana,  limonite.  385. 

natural  gas,  84. 

petroleum,  84. 


salt,  166. 

sulphur,  277. 
Louisville,  Ky.,  148. 
Lowell.  Vt.,  212. 
Lower  Cambrian,  525. 

Lower  Carboniferous,  28,  74.   112,   117,   146, 
171. 182,  230,  250, 200, 400, 411, 441. 
Lower  Cretaceous,  510,  533,  534. 
Lower  Helderberg  formation,  145,  183,  105. 
Lower  Huronian,  552. 
Lower  Kittanning  coal,  25. 
Lower  Magnesian  limestone,  443. 
Lower  Productive  Measures,  22. 
Ludington,  Mich.,  163. 
Lyon  Mountain,  N.  Y.,  355. 

M 

McAdamite,  defined,  520. 

McCallie,  S.  W.,  cited,  370. 

Mace,  Ido.,  458. 

Macon  County.  N.  C.  207,  268. 

McElmo  formation,  488. 

Macon,  Ga.,  510. 

McKean  County,  Pa.,  83. 

McKittrick  field.  Calif..  75. 

Madison  County,  Mo.,  420. 

Madison  County,  N.  C,  205. 

Magdalena  Mountains.  N.  Mex..  lead  and  sine 

ores.  451. 
Magmatic.  differentiation,  318. 

emanations,  deposits  from,  317. 

segregations,  306. 
forms  of,  307. 
ores  in,  307. 
Magmatic  water,  as  collector  of  metals,  316. 
Msgnalium,  defined,  520. 
Magnesite,  analyses  of.  250. 

origin  of,  240. 

production  of,  251. 

properties  and  occurrence,  248. 

references  on,  251. 

uses  of,  250. 
Magnetite,  analyses  of,  361,  362. 

distribution  in  United  States,  352. 

non-titaniferous,  352. 
analyses  of,  361. 

origin  of,  352. 

production  of,  388. 

references  on,  302. 

sands,  364. 

titaniferous,  352. 
analyses  of,  362. 
distribution,  361. 

iypeB  of  ore  body,  351. 

See  New  York,  New  Jersey,  Utah. 
Maine,    feldspar,    226;     granite,    108,    100; 
graphite,  243  ;     lead,    420 ;     slate, 
120;   topaz,  260;    tourmaline,  270. 
Malacca,  tin  sinter,  560. 
Malachite,  305. 
Maltha,  85,  80. 
MammoUi  seam,  17,  23. 
Mammoth,  Utah,  466. 
Mancos  shale,  488. 

Manganese,   distribution    in    United    Statea, 
524. 

iron  ore,  523. 

iron  ores,  analyses  of.  526. 

distribution  in  United  States,  528. 
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Manganeae  (Conh'niMd). 

ore  minarals,  522. 

orea,  623. 

price  basis,  &31. 
origin  of,  624. 

per  oent  required  in  on,  840. 

production  of,  629. 

references  on,  532. 

silver  ores,  523,  628. 

uses  of,  529. 

sine  ores,  529. 
Manganese ;   iKont.,  628. 
Manganite,  622. 
Manistee,  Mich.,  163. 
Manjak.  88. 
Mansfield  group,  29. 
Mansfield  sandstone,  28,  240. 
Maquoketa  shale,  443. 
Marathon  County,  Wis.,  274. 
Marbles,  distribution  in  United  States,  113. 

for  building,  properties  of.  111. 

onyx,  114. 

uses  of,  115. 

sources  of,  114. 
Maria,  Tex.,  534. 
Mariposa  County,  Calif.,  476. 
Marl,  for  Portland  cement,  143. 

origin  of,  152. 
Marmaton  formation,  31. 
Marquette,  Mich.,  500. 
Marquette  range,  367. 
Marshall  County,  Kas..  182. 
Marshall  sandstone,  163,  171. 
Maryland,  cement,  147  ;    coal,  25 ;   chromite, 
545 ;  diatomaceous  earth,  224  ;  feld- 
spar, 226 ;  fire  clay,  133 ;  glass  sand, 
239 ;  gabbro.  111 ;  granite,  109 ;  hy- 
draulic lime,  141 ;  iron,  385 ;  kaolin, 
132;  magnesite,  248;  marble,  114; 
quarts,  274  ;  slate,  120. 
Marysville,  Mont.,  480. 
Mason  County,  W.  Va.,  171. 
Massachusetts,     diatomaceous     earth,     224 ; 
emery,  208 ;   granite,  109 ;  lithium, 
246;     marble,    114;     pyrite,    283; 
sandstone,  117. 
Mauch  Ch\mk  formation,  23,  72,  68,  259. 
Maury  County,  Tenn.,  190. 
Meadow  VaUey,  Calif.,  528. 
Medicine  Lodge,  Kas.,  182. 
Medina  formation,  83,  117,  379. 
Meerschaum,  261. 
Meigs  coal,  25. 
Meigs  County.  O.,  163,  171. 
Melaoonite,  395. 
Mendelje£f,  cited,  59. 
Mendocino  County,  Calif.,  248. 
Menominee  range.  Wis.,  368. 
Mercer  coal,  29. 

Merour,  Utah,  gold-silver  deposits,  479. 
Mercury,  deposition  from  hot  springs,  534. 

distribution  in  United  SUtes,  532. 

mode  of  occurrence,  532. 

ore  minerals,  532. 

origin,  532. 

production  of,  536. 

references  on,  537. 

uses  of,  535. 
Merrill.  Q.  P..  cited,  216. 
Messbi  range,  Minn.,  368. 


Mesa  Grande,  Calif.,  270. 

Metallogenetic  epochs,  342. 

Metals,  deposition  from  hot  q>rinsB»  812. 

mode  of  concentration  in  rooks,  311. 

occurrence  in  rocks,  309. 

per  oent  in  rocks,  310. 

preference  for  certain  rooks,  309. 
Metasomatic  prooesses,  327. 
Metasomatism,  defined,  325. 
Metcalf,  Aris.,  409. 

Meteoric  water,  as  agent  in  ore  formation,  313. 
Methane,  50. 
Mica,  distribution  in  United  States,  258. 

imports  of,  256. 

production  of,  255. 

properties  and  occurrence,  252. 

references  on,  256. 

uses  of,  255. 
Micanite,  255, 

Michigan,   brick   day,    134 ;    bromine,    171 ; 
cement,  152 ;  coal,  29 :  copper,  402  ; 
gold,  500 ;  graphite,  243 ;   gypsum, 
181;    iron,  367;    lime,   146;    salt, 
164 ;  sandstone,  117. 
Mid-continental  field,  75. 
Middle  Kittanning  coal,  25. 
Midway  field,  Calif.,  75. 
Midway,  Utah,  86. 
Miller,  W.  G.,  cited,  553. 
MiUerite.  548. 
Millstone  grit,  28. 
Millstones,  202. 

distribution  of,  202. 

references  on,  210. 
Milwaukee,  Wis.,  147. 
Mine  Hill,  N.  J.,  432. 
Mine  la  Motte,  Mo..  548. 
Mineral  black,  261. 
Mineral  Creek  District,  Aris.,  418. 
Mineral  paints,  256. 

asbestos,  261. 

barite.  261. 

calcium  carbonate,  261. 

graphite,  261. 

gypsiun,  261. 

hematite,  257. 

imports  of,  262. 

ochers,  257. 

production  of,  261. 

references  on,  262. 

siderite.  260. 

slate.  260. 
Minend  Point,  Mo.,  218. 
Mineral  waters,  298. 

analyses  of,  300. 

classification  of,  299. 

distribution  in  United  States,  299. 

production  of,  300. 

references  on,  301. 
Mineral  wax,  86. 
Mineral  white,  261. 
Mineville,  N.  Y.,  187,  353,  354. 
Minnesota,  artesian  water.  295;  granite,  109  ; 

iron,  361,  362,  385 ;  slate,  120. 
Miocene  formation,  76,  86.  190,  223,  224,  533. 
Mirabilite.  172. 
Mission  Creek,  Alas.,  502. 
Mississippi,  fire  clay,  133. 
Mississippian,  25,  30,  74,  75, 163, 165, 240.  384. 
442. 
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MiaBinippi  Valtey.  lead  and  sine,  436. 
Miasouri,  barite,  218 ;  cadmium,  529 ;  oolwlt, 
548;    ooal,  30;    copper,  420;    fire 
day,   132,   133;    glaaa  sand,   230 
granite,     100;     grindstones,    202 
iron.  385 ;  kaolin,  132 ;  lime,  146 
lead,  429;    nickel,  548;    pot  clay, 
134 ;  pottery  day,  133 ;  stoneware 
day,  133;   tripoli,  200;   sine,  437. 
Mitehdl  County,  Tex.,  167. 
Mohave  County,  Aris.,  271. 
Molybdenite,  547. 

Molybdenum,  distribution  in  United  States, 
547. 
ore  minerals,  547. 
production  of,  547. 
references  on,  547. 
uses  of,  547. 
Monarch,  Mont.,  382. 
Monasite,  analyses  of,  263. 

distribution  in  United  States,  263. 
production  of.  264. 
properties  and  occurrence,  282. 
references  on,  264. 
uses  of,  264. 
Monoliths,  110. 

Monongahda  series,  21,  25,  26. 
Monroe  formation,  163,  182. 
Montana,  coal,  33;   copper,  378;   corundum, 
207;     gold,    470;     granite,     110; 
graphite,    243 ;     grindstones,    202 ; 
gypsum,  183 ;   lead,  467  ;  sapphire, 
260;    silver,   467,   470;    tungsten, 
564 ;  volcanic  ash,  204. 
Monte  Cristo,  Wash.,  495. 
Monte  Cristo  District,  Wash.,  gold^ver  de- 
posits, 477. 
Montello.  Wis.,  100. 
Monterey  formation,  76,  77,  00,  223. 
Monterey  (Devonian),  384. 
Montgomery,  Ala.,  500. 
Mon^lier,  Ido.,  195. 
Montroydite,  535. 
Morend,  Aris.,  409. 
Mosquito  Range,  Colo.,  446. 
Mother  Lode  Belt,  Calif.,  gold  deposits,  476. 
Mountain  limestone,  72. 
Mountain  ores  Oimonites),  382. 
Mount  Airy,  N.  C,  109. 
Mount  Holly  Springs,  Pa.,  291. 
Mule  Pass  Motmtains,  407. 
Mullan,  Ido.,  458. 
Munn,  E.  J.,  dted,  65. 
MurfreesboTo,  Ark.,  266. 
Murray,  Ido.,  458. 
Muscovite,  252. 
Muskogee,  Okla.,  75. 


N 


Naoatooh  formation,  79. 
Napa  County.  Calif.,  533. 
Napoleon  sandstone,  163. 
Natural  gas,  analyses  of,  57. 

distribution  in  United  States,  82. 

fields,  areas  of,  82. 

helium  in,  58. 

hydrocarbons  in.  52. 

neon  in,  58. 

nitPDgen  in,  52. 


origin  of,  58. 
pressure  of,  64,  66. 
cause  of,  67. 
decrease  in,  65. 
production  of,  92. 
properties  of,  52. 
references  on,  98. 
sands,  yidd  of,  67. 
uses  of,  84. 

Natural  rock  cement,  definition  of,  142. 
raw  materials,  geologic  distribution,  146. 

Natural  rock  cement.  New  York,  geologic  age 
of,  147. 

Nebraska,  artedan  water,  295;  limestone, 
112 ;  volcanic  ash,  204. 

Negaunee  formation.  368. 

Neihart,  Mont..  382,  467.  628. 

Nelson  County,  Va.,  187,  28& 

Nelsonite,  187. 

Neon,  in  natural  gas.  58. 

Nevada,  bismuth,  542;  borax,  174;  copper, 
415;  gold,  400;  gypsum,  183; 
opal,  268 ;  salt,  167 ;  selenium,  557  ; 
silver,  400;  diver-lead,  467-;  so- 
dium carbonate,  173 ;  sulphur,  270 ; 
tungsten,  564. 

Nevada  City,  Calif.,  477. 

Nevada  County,  Calif.,  gold-silver  depodts 
477. 

New  Almaden,  Calif.,  533. 

Newberry,  J.  8.,  cited,  11,  61. 

New  Brunswick.  Can.,  86. 
oil  shale,  01. 

New  England,  lime,  145. 
limonite,  381. 

New  Hampshire,  garnet,  205;  whetstones, 
203. 

New  Idria,  Calif..  533. 

New  Jersey,  cement,  152 ;  copper,  410 ;  dia- 
base, 110;  fire  day,  133;  foundry 
sand,  235 ;  ^ass  sand,  230 ;  green- 
sand,  107 ;  iron  ores,  355 ;  mineral 
pamt,  260;  pottery  day,  138; 
date,  120;  stoneware  day,  133; 
talc,  288;  titaniferous  magnetite, 
361 ;   sine,  432. 

Newland,  D.  H.,  dted.  357. 

New  Mexico,  bauxite,  520 ;  coal,  38 ;  copper, 
420;  gem  garnets,  267;  graphite, 
243;  gypsum,  183;  me^schaum, 
251 ;  natural  coke,  4 ;  salt,  167 ; 
dderite,  385;  silver  lead,  467; 
turquoise,  270. 

Newport,  Ky.,  235. 

New  River  coals,  25. 

New  River  District,  Va.,  manganese,  525. 

Newry,  Me.,  270. 

Newsom,  J.  F.,  dted,  106. 

New  South  Wales,  ott  shale,  90. 

New  York,  arsenic,  541 ;  cement  materials, 
152;  Clinton  ore,  876;  diabase, 
110;  diatomaoeous  earth,  224; 
emery,  208;  feldspar,  226 ;  foundry 
sand,  285;  garnet,  205 1  graphite, 
242;  gyp6um«  181;  hydraulic 
lime,  141;  iron,  352;  lune,  145; 
millstones,  202;  marble,  114; 
natural  gas,  83;  natural  cement 
rook,  146;  petroleum,  68;  pyrite. 
283 ;  quarts,  274 ;  salt,  163  ;  sand- 
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New  York  (.CoTiUnued). 

stone,  117;    slate,  120;    talc,  287; 
whetstones,  203. 
New  Zealand,  magnetite  sand,  364. 

oil  shale,  91. 
Niagara  formation,  443. 
Nicoolite,  548. 

Nickel,  distribution  in  United  States,  548. 
ore  minerals  of,  548. 
per  cent  required  in  ore,  340. 
production  of,  554. 
references  on,  555. 
Sudbury,  Ont.,  550. 
uses  of,  554. 
Nickel  bloom,  548. 
Nigger  Hill,  S.  Dak.,  560. 
Nitrogen  in  natural  gas,  52. 
Northampton  County,  Pa.,  149,  151. 
North  Carolina,  barite,  220;    chromite,  545; 
coal,  27  ;    copper,  417  ;    conmdum, 
207;    emerald,  267;    garnet,   205; 
gem  garnet,  267  ;  gold,  500 ;  kaolin, 
132 ;    magnetite,  352 ;    manganese, 
527;    mica.  253;    millstones,  202; 
monasite,  263 ;    nickel,  549 ;    phos- 
phate,   195 ;     quarts,    274 ;     ruby, 
268;     sapphire,    269;     talc,    287; 
tantalum,  558 ;  tin,  560. 
North  Dakota,  cement,  152 ;   coal,  33. 
Northern  Arkansas,  lead  and  sine  district,  442. 
Northern  Interior  coal  field,  29. 
North  Park  coal  field,  33. 
Novaculite,  Ark.,  203. 

O 

Ocher,  analyses  of,  258. 

distribution  of,  258. 

for  mineral  paint,  257. 

origin  of,  258,  259. 

properties  and  occurrence,  257. 
Ogdensburg,  N.  J.,  432. 
Ohio,  brick  clay,  134. 

bromine,  171. 

cement,  148,  152. 

coal,  25. 

fire  clay,  132. 

fotmdry  sand,  235. 

glass  sand,  240. 

grindstones,  202. 

gypsum,  183. 

iron.  384,  385. 

natural  gas,  83. 

petroleum,  71. 

pyrite,  283. 

salt,  163. 

sandstone,  117. 

stoneware  clay,  133. 

whetstones,  203. 
Ohio-Indiana  oil  field,  71. 
Oil,  tee  Petroleum. 
Oil  asphalt,  89. 
Oil  Creek,  Pa.,  92. 
Oilfield  Pool.  111..  75. 
Oil  pool,  defined,  62. 
Oil  rock,  with  sine  ore,  443. 
Oil  sands,  Appalachian  field,  72,  73. 

defined,  62. 

depth  of,  64. 

thickness  in  Texas,  63. 
Oil  shales,  described,  90. 


products  of,  91. 
references  on,  100. 
Oibtones,  described,  202. 

sources  of,  203. 
Oil  wells,  pressure  in,  64. 
Ojo  Caliente,  N.  Mex.,  812. 
Oklahoma,  bituminous  rocks,  90 ;    ooal,  31 ; 
grahamite,   86,   87 ;    granite,    109 ; 
gypsum,    183 ;     natural    gas.    84 ; 
petroleum,  75 ;  salt,  167. 
Oligocene.  88,  188.  236. 
Onondaga  County,  N.  Y..  83,  146. 
Onondaga  Lake,  N.  Y.,  163. 
Ontario,  N.  Y.,  257. 
Ontario,  nickel,  550 ;  cobalt.  552. 
Onyx  marbles,  114. 
Opal,  varieties  of,  268. 
Ophicalcite,  defined,  115. 
Ophiolite,  defined,  115. 
Ophir  Creek,  Alas.,  504. 
Oquirrh  Mountains,  Utah,  413. 
Orange  mineral,  261. 

Oidovician,  83,  87,  147.  149.  162.  191,   105w 
215, 218, 219, 239, 251. 261, 357.  409. 
435,  437.  443,  527. 
Ore,  defined,  305. 
Ore  bodies,  tee  Ore  deposits. 
Ore  channels,  defined,  333. 
Ore  deposits,  classification  of,  340. 
conditions  of  formation,  320. 
contact-metamorphic,  319. 
contemporaneous,  defined,  306. 
defined,  305. 
epigenetic,  defined,  306. 
epochs  of  formation,  342. 
formed  at  great  depths,  321. 
formed  at  shallow  depths,  322. 
formed  at  surface,  323. 
forms  of,  328. 

from  magmatic  emanations,  317. 
magmatic  segregations,  306. 
origin  of,  306. 
references  on,  345. 
secondary  changes  in,  334. 
secondary  enrichment,  337. 
subsequent,  defined,  306. 
sygenetic  defined,  306. 
weaUiering  of,  335. 
See  cdao  Ores. 
Oregon,  borax,  174  ;  coal,  35  ;  gold.  477,  405  ; 
limonite,  385 ;  mercury,  534  ;  nickel, 
549;     opal,    268;     platinum,    555; 
silver,  495 ;  sodium  carbonate,  173 ; 
volcanic  arii,  204. 
Ore  Knob,  N.  C,  418. 
Ore  mineral,  defined,  305. 
Ore  minerals,  compounds  serving  as,  305. 
Ores,  conditions  of  formation,  326. 
deposition  by  replacement,  325. 
deposition  in  cavities,  324. 
precipitation  by  adsorption,  325. 
precipitation  by  galvanic  action,  325. 
precipitation  by  osmosis,  325. 
precipitation  by  silicates,  325. 
precipitation  from  solution,  324. 
value  of,  339. 
Ore  shoots,  classification  of,  334. 

defined,  333. 
Organisms,  coal-forming,  9. 
Oriskany,  195,  239,  260,  384. 
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Orleans  County,  Vt.,  212. 
OroTiUe.  Calif..  497.  565. 
Orton.  £..  cited.  61.  65. 
Ortonville.  Minn..  100. 
Orpiment.  640. 
Onoiridium.  656. 
Oenuum,  667. 
Oswego  sandstone.  83. 
Otero  County,  N.  Mez.,  183. 
Ottawa  County.  O.,  183. 
Ouray.  Colo..  484. 

Ouray  quadrangle.  Colorado,  gold-eilver  de- 
posits. 487. 
Owens  Lake.  Calif..  173. 
Owyhee  County,  Ido..  496. 
Ozyehloride  cement.  260. 
Osark  region,  lead  and  sino  deposits.  436. 
Osokerite.  86. 


Pacific  Coast  coal  field,  34. 
Pala.  Calif..  246.  270. 
Palladium,  667. 
Paola.  Kas..  75. 
Paper  clay.  134. 
defined.  130. 
Park  City,  Utah,  silver-lead  ores.  464. 
Parker  coal.  26. 
Parr,  S.  W.,  cited.  13,  18. 
Parsons,  C.  L.,  cited,  236. 
Patrick  County,  Va.,  207. 
Patronite,  667. 
Paris,  Me.,  270. 
Peace  River,  Fla.,  188. 
Pea  ore.  372. 
Peat,  analsrses  of,  6. 

bog,  composition  of  layers  in,  1. 
definition  of,  1. 
distribution  of,  46. 
marine  marsh.  44. 
origin  of.  43. 
production  of.  46. 
references  on,  49. 
usee  of,  46. 
Peckham,  8.  F..  cited.  61. 
Peekskill.  N.  Y.,  206. 

Pennsylvania,    anthracite.    22;     bituminous 
coal,  24 ;    bromine,    171 ;    cement, 
149 ;    chromite,  545 ;    copper,  419 
diabase,  110;    distillates   from   oil 
62;    feldspar,  226;    fire  day.  182 
first  oil  well,  92 ;  glass  sand,  239 
graphite,  243 ;  iron  ore,  367 ;  kaolin 
132 ;  limonite,  384 ;  magnesite,  248 
manganese,  627 ;    millstones,   202 
mineral  paint,  260 ;  natural  gas,  83 
nickel,  549;   ocher,  268,    269;    oil 
sands,  yield  of,  67 ;  petroleum,  68 
Portland    cement,    149;   pot  day 
134;     siderite,     386;    date,    120 
stoneware     clay,     133;    wavollite, 
291 ;  sine.  436. 
Pennsylvanian  formation.  75.  437.  443. 
Penokee-Gogebic  range,  368. 
Penroee,  R.  A.  F.,  dted,  196,  470,  626. 
Pentlandite,  648. 
Peridot,  distribution.  268. 

properties,  268. 
Permian.  22.  28.  30.  80.  160,  166,  182,  183, 
464. 


Perry  County,  Tenn.,  191,  193. 
Petroleum,  accumulation,  67. 

analyses  of,  61. 

anticlinal  theory,  62. 

Appalachian  field,  68. 

asphaltic,  75,  77. 

association  with  domes,  78. 

California  fields,  75. 

distillation  tests,  53. 

distribution  in  United  States,  68. 

exports,  95. 

fidds,  area  of,  68. 

from  diatoms,  77. 

from  seawieeds,  61. 

hydrocarbons  in,  60. 

hydrogen  sulphide  in,  79. 

IlUnois  field,  74. 

in  crystalline  rocks,  69. 

in  schist,  76. 

iodine  in,  61. 

mid-continental  field.  75. 

mode  of  accumulation,  66. 

oocurrence,  mode  of,  62. 

Ohio-Indiana  fidd,  71. 

oil  sands,  capacity  of,  63. 

optical  properties,  61. 

origin,  68. 

inorganic  theory,  69. 
organic  theory,  60. 
volcanic  theory,  60. 

per  cent  of  distillates,  62. 

pool,  defined,  62. 

pressure  in  well,  64. 

price  of,  94. 

production  of,  92. 

properties  of,  60. 

references  on,  98. 

relatiop  to  magnetic  declination,  50. 

reserves,  67. 

Russian,  70. 

sands,  depth  of,  64. 
thickness  of,  63. 
variations  in«  64. 
yield  of,  67. 

seepages,  76,  81. 

specific  gravity,  61. 

sulphur  in,  76. 

Texas-Louisiana  field,  77. 

United  States,  summary,  82. 

uses  of,  84. 

wells,  average  production,  67. 
life  of.  67. 

world's  production,  94. 
Phillipsburg,  N.  J..  288. 
Phlogopite,  252. 
Phosphate,  analyses  of,  196. 

blue,  191. 

brown,  191. 

distribution  in  United  States,  188. 

iodine  in,  177. 

mode  of  occurrence,  188. 

origin,  189,  193. 

production  of,  196. 

white,  193. 
Phosphorus,  usee  of,  291. 
Pickens  County,  Qa.,  114. 
Pierre  formation,  79. 
Pinal  County,  Aris..  413. 
Pine  Moimtoin,  Ga.,  207. 
Pike  County,  Ark.,  266. 
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Pike*8  Peak,  Colo..  481. 

Pike  Station.  N.  H.,  203. 

PimeUte,  548. 

Pioche.  Nev..  382. 

Pipe  clay,  deaned.  Ida 

Pitchblende,  566. 

Pitch  length,  defined,  384. 

Pittabtirg,  Pa.,  83,  92. 

Pittsburg  coal,  17,  24,  25, 126. 

Placer  County,  Calif..  248. 

Placer  deposits,  as  sources  of  gokl  and  silver, 

471. 
Placenta  Cafion,  Calif.,  76. 
Placerville,  Colo.,  666. 
Plasterco,  Va.,  165. 
Plaster  of  Paris,  184. 
Platinum,  distribution  in  United  States,  555. 

native,  555. 

occurrence  of,  555. 

per  cent  required  in  ore,  340. 

production  of,  556. 

references  on,  556. 

sources  of,  555. 

usee  of,  556. 
Platteville  limestone,  443. 
Pleistocene,  30.  77, 131. 133, 134, 140, 152, 167, 

236,239. 
Plumas  County,  Calif.,  62.  528. 
Pocahontas  coals,  25. 
Pocono  formation,  23,  72,  171,  250. 
Polyhalite,  160. 
Pomeroy,  O.,  163,  171. 
Pomeroy  coal.  25. 
Ponderosa  marl,  534. 
Pope  County.  111..  229. 
Port  Deposit.  Md..  109. 
Porterville.  Calif.,  248. 
Port  Graham,  Alas.,  36. 
Portland  cement,  definition,  143. 

raw  materials  used,  143. 
requisite  qualities,  144. 
distribution,  148. 
Posepny,  F.,  cited,  313,  317,  340. 
Pot  clay,  defined.  130. 
Potoei  formation,  429. 
Potosi  limestone,  218. 
Potsdam  formation,  83,  117,  443. 
Pottawatomie  formation,  31. 
Pottery  clay,  defined,  130. 

distribution,  133. 
Pottsville  formation,  22.  23,  25.  27,  28,  29,  68, 

72,  74,  165.  171,  240. 
Prairie  City,  Ore.,  549. 
Pratt,  J.  H..  cited,  216,  544. 
Pre-Cambrian,  108,  131, 151,219,230,242,287, 
312.  342,  355,  363, 371, 407, 410, 412, 
413. 429, 437, 443, 447, 470, 471, 488, 
408. 
Precious  stones,  amatrioe,  271. 

defined,  265. 

diamond,  265. 

emerald,  267. 

garnet,  267. 

opal,  268. 

peridot,  268. 

production  of,  272. 

references  on,  273. 

ruby,  268. 

sapphire,  269. 

spoduroene,  269. 


topas. 

turquoise,  270. 

variscite,  271. 
Prichard  formation,  450. 
Prince  William  County,  Va.,  282. 
Prince  Williams  Sound,  copper  distriet, 

420. 
Proctor,  Vt.,  114. 
Productive  Coal  Measures,  28. 
Propyiitio  alteration,  in  gold-silver 

469. 
Prospect  Hill,  Nev.,  467. 
Proustite,  469. 
Providence,  R.  I.,  242. 
Pailomelane,  522. 
Pueblo,  Colo.,  445. 
Puentes  HilU  oU  field.  Calif.,  75. 
Pulaski  County,  Ark.,  519. 
Pulpstones,  properties  of,  202. 

sources  of,  202, 
Pumice,  204. 

references  on,  210. 
Pumpelly.  R.,  cited,  328,  869,  404. 
PunU  Gorda,  Fla.,  188. 
Purdue,  A.  H.,  cited.  195. 
Putnam  County,  N.  Y.,  641. 
Pyrargyrite,  469. 
Pyrite,  analysis  of,  283. 

as  iron  ore,  349. 

as  precipitant  of  ore  minerals,  337. 

distribution  in  United  Stotes.  282. 

imports  of,  284. 

production  of,  284. 

properties  and  ooourrenee,  281. 

references  on,  285. 

uses  of,  284. 
P3nx>lusite,  522. 
Pyrope,  as  gem,  267. 
Pyrophyllite,  pnqMrties  of,  289. 
Pyrrhotite,  349,  548. 


Quarry  water,  105. 

Quaternary,  76,  77,  79,  161,  166,  409.  533. 

See  aUo  Pleistocene. 
Quarts,  as  abrasive,  205. 

flint,  274. 

occurrence,  274. 

production  of,  275. 

quartsite,  274. 

references  on,  275. 

uses  of,  275. 

vein,  274. 
Quartsoee  ores,  of  gold  and  rilver,  47. 
Quicksilver,  532. 
Quincy,  Mass.,  109. 

R 

Rabun  County,  Qa.,  207. 

Rambler  mine,  Wyo.,  666. 

Ramona,  Calif.,  269. 

Randsburg,  Calif.,  564. 

Ransoms,  F.  L.,  cited,  383,  486,  490,  402. 

Raritan  formation,  239. 

Raton,  N.  Mex.,  243. 

Raton  coal  field.  33. 

Rawlins,  Wyo.,  371. 

Reading,  Pa.,  259. 

Realgar,  540. 

Redding,  Calif.,  419. 
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Red  lead.  361. 

Red  Mountain,  Colo.,  4M. 

Refractory  ores,  defined,  472. 

Replacement,  defined,  336. 

Retort  clay,  defined,  130. 

Revett  formation,  450. 

Rewald,  Va..  Ml. 

Rhode  Island,  sranite,  109 ;  sraphite,  342. 

Rhodochrosite,  622. 

Rhodolite,  267. 

Rice,  Aris.,  267. 

Richmond,  Va.,  100. 

Rico,  Colo.,  silver-lead  ores,  468. 

Rift.  107. 

Ritchie  County,  W.  Va.,  86. 

River  pebble,  189. 

Roanoke.  Va.,  525. 

Roanoke  County,  Va.,  187. 

Robinson.  Utah.  466. 

Rookbridse  County,  Va.,  641. 

Rock  pressure  in  oil  wells,  cause  of,  66. 

defined,  64. 
Rook  salt,  occurrence  and  origin,  160. 
Rock  Springs,  Wyo.,  33. 
Rocky  Mountain  coal  fields.  32. 
Rocky  Mountain  states,  lead  and  sine  ores  in, 

445. 
Rogers,  H.  D.,  cited,  3. 
Romney  shale,  384. 
Rosooelite,  566. 

Rosendale  cement  District,  146. 
Rosin  jack,  426. 
Rosita.  Colo.,  230. 
RubeUite,  270. 

Ruby,  properties  and  sources  of,  268. 
Ruby  Hill,  Nev.,  467. 
Ruby  silver,  460. 
Runs,  in  Joplin  District,  430. 
Russell,  I.  C,  cited,  378. 
Rutile,  662. 
Rutledge,  J.  J.,  cited,  379. 

8 

Sagger  clay,  defined,  130. 
Saginaw  Valley.  Mich.,  163. 
St.  Augustine,  Fla.,  112. 
St.  Charles,  Mo.,  27. 
St.  Croix  sandstone,  205. 
St.  Francis  Cotmty,  Mo..  420. 
St.  Francis  Mountains,  437. 
St.  Ignaoe,  Mich..  182. 
St.  Lawrence  County,  N.  Y.,  283. 
St.  Louis,  Mo.,  27.  132. 
St.  Louis  limestone.  182. 
St.  Peter  sandstone.  239,  205,  443. 
St.  Regis  formation,  450. 
Salina  series.  163,  181,  182. 
Saline  County,  Ark.,  203,  510. 
Saline  County.  Kas.,  182. 
Salines,  158. 

Sails  Mountoin,  Oa.,  212. 
Salt  Lake  City.  Utah.  413.  464. 
Salton  Lake,  Calif.,  167. 
San  Benito  County,  Calif.,  533. 
San  Bernardino  County,  Calif.,  173. 
Sandberger,  F.,  cited.  300. 
San  Diego  County,  Calif..  260,  270. 
Sandstone,  distribution  of,  117. 
properties  of,  116. 


of,  118. 

varieties  of,  117. 
Sandusky,  O.,  183. 
San  Juan  County,  Colo.,  484. 
San  Juan  formation,  486. 
San  Juan  region,  Colo.,  gold-silver  depodta, 

484. 
San  Luis  Obispo  County,  Calif.,  172,  546. 
SanU  Barbara,  Calif..  176. 
Santa  Barbara  County,  Calif.,  80,  223. 
Santa  Cms,  Calif.,  00. 
SanU  Maria  field,  Calif.,  76. 
SanU  Maria  oil  field,  76,  77. 
SanU  Ynea  Valley,  Calif..  223. 
Sapphire,  properties  of,  260. 
Saratoga  County.  N.  Y..  242. 
Sauoon  Valley.  Pa.,  436. 
Sawatch  Range,  Colo.,  446. 
Scandinavia.  Untalum.  558. 
Scheelite.  563. 
Schmidt.  A.,  cited.  441. 
Schoharie  County.  N.  Y..  146. 
Sohrauf .  cited.  532. 
Schuchardite,  548. 
Scotland,  oil  shale,  91. 
Secondary  enrichment,  Butte,  Mont.,  399. 

Clifton,  Aris.,  411. 

described,  337. 

of  gold-silver  deposito,  470. 

reactions  involved,  338. 
Semi-anthraciU,  analysis  of,  7. 

Arkansas.  32. 

defined.  3. 
Semi-bituminous  coal,  analysis  of,  6. 

defined,  3. 
Selenite.  178. 
Selenium,  in  copper  ore,  396. 

references  on,  658. 

sources,  657. 

uses  of,  557. 
Selvage,  defined,  330. 
Senarmontite,  538. 
Seneca,  Mo..  290. 
Sepiolite,  251. 
Serpentine,  for  building,  116. 

properties  of,  115. 
Seven  Devils  District,  Ido.,  420. 
Seward  peninsula,  Alas.,  504,  561. 
Sewer-pipe  clay,  defined,  130. 
Shale,  as  paint,  260. 
ShMx>n  coal,  25. 

ShasU  County,  Calif.,  419,  646. 
Shawangunk  grit,  202. 
Shawangunk  Mountain,  202. 
Shawnee  formation,  31. 
Sheet  groxmd,  439. 

Shenandoah  limestone,  147,  219,  220,  269. 
Shoots,  333. 

Shoshone  County,  Ido.,  468. 
Siderite,  as  iron  ore,  349. 

as  mineral  paint,  260. 

occurrence  of  ore,  386. 
Siebenthal,  C.  E.,  291. 
Sienna,  defined,  257. 
Sierra  Nevada  Mountains,  476. 
Siliceous  Cambrian  gold  ores,  499. 
Silliman,  B.,  cited.  271. 

Silurian.  28.  83.  119.  147.  181.  182.  183.  188, 
193.  195.  240.  259.  343.  373,  382.  384, 
441.  443.  447,  526,  627. 
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Silver,  clawificaUon  of  ores  of,  471. 

distribution  in  United  SUtes.  473. 

eastern  belt  Tertiary  veins,  480. 

extraction  of,  472. 

geological  distribution,  470. 

in  copper  ores,  396. 

mode  of  oocurrenoe,  469. 

native.  469. 

ore  minerals  of,  468. 

per  cent  required  in  ore,  605. 

production  of,  505. 

references  on,  612. 

relative  importance  of  producing  re^ons, 
474. 

reserves,  512. 

secondary  enrichment,  470. 

uses  of,  505. 

weathering  of,  470. 
Silver  City,  N.  Mez.,  25,  270,  520. 
Silver  City,  Utah,  466. 
SUver  Cliff,  Colo.,  311. 
Silver  Lake  Basin,  Colo.,  487. 
Silver-lead  ores,  distribution  in  United  States, 

458. 
Silver  Plume,  Colo.,  488. 
Silverton,  Colo.,  484. 

Silverton   quadrangle,   Colo.,    gold-silver   de- 
posits, 486. 
Sitka,  Alas.,  502. 
Slate,  as  paint.  260. 

classification  of.  119. 

distribution  of,  119. 

pr(q;>erties  of,  1 18. 

uses  of,  120. 
Slip  clay,  defined,  130. 
Smaltite,  548. 

Smith,  W.  S.  T.,  cited,  442. 
Smith  County,  Tenn.,  230. 
Smithsonite,  4i26. 
Smuggler  Mountain,  462. 
Smyth,  Jr.,  C.  H.,  cited,  378. 
Soapstone,  properties  and  occurrence,  286. 
Soda  niter,  occurrence,  173. 

origin  of,  173. 

references  on,  173. 
Sodium  carbonate,  173. 

Sodium  sulphate,  occurrence  and  distribution, 
172. 

references  on,  172. 
Soldiers  Summit,  Utah,  86. 
Sour  Lake,  Tex.,  79. 

SouUi  Carolina,  barite,  220 ;   corundum,  207  ; 
fire  clay,  133  ;    fuller's  earth,-  230  ; 
gold,  501 ;   kaolin,  132  ;  manganese, 
527 ;  monasite,  263  ;  phosphate,  190 ; 
tin,  560. 
South  Dakota,  artesian  water,  295;   cement, 
152;     coal.    33;     fire    clay,    133; 
gold,  498 ;    gypsxun,  183 ;    granite, 
110;     lithium.    246;     mica,    254; 
silver,    498;     tin,    560;     tungsten, 
564;    tantalum,  558. 
South  Dover,  N.  Y..  114. 
South  Plate  coal  field,  33. 
Southwestern  coal  field.  30. 
Spathic  ore.  349.. 
Spelter,  production  of.  454. 
Spencer,  A.  C,  cited,  434. 
Sperrylite,  555. 
Spessartite,  as  gem,  267. 


Sphalerite,  426. 
Spindle  Top,  Tex..  78. 
Spodumene.  as  gem,  267,  260. 

as  source  of  lithium.  246. 
Spring  Valley.  Wyo.,  80. 
Spruce  Pine.  N.  C.,  558. 
Spurr,  J.  £.,  cited.  316,  461,  462,  490.  :;^7. 
Stalactites,  defined.  112. 
Stalagmites,  defined,  112. 
Stannite.  559. 
Stassfurt,  Ger.,  bromine  from.  171. 

section  in  salt  d^Kwits,  160. 
Steamboat  Springs.  Calif.,  534. 
Steamboat  Springs.  Nov.,  309,  312. 
Stephanite,  469. 
Sterling  Hill,  N.  J..  432. 
Stevenson,  J.  J.,  cited.  10. 
Steuben  County.  N.  Y.,  70. 
Stibnite.  538. 
Stikine  River.  Alas..  502. 
Stock,  defined,  332. 
Stone  Cafion,  Calif..  35. 
Stone  Mountain,  Ga.,  100. 
Stoneware  clay,  defined,  130. 

distribution  in  United  States,  133. 
Stope  length,  defined,  334. 
Stream  tin,  559. 
Striped  peak  formation,  459. 
Strontianite,  276. 
Strontium,  occurrence,  275. 

references  on,  276. 

uses  of,  276. 
Salt,  158. 

distribution,  162. 

exports  of,  170. 

extraction  of,  168. 

geologic  distribution,  162. 

imports  of,  170. 

marsh  deposits,  158. 

natural  brines,  162,  163. 

origin,  159. 

production  of,  168. 

references  on,  170. 

rock,  occurrence  of,  159. 
origin  of,  159. 

types  of  occurrence.  158. 

uses  of,  168. 

world's  production,  170. 
Sub-bittuninous  coal,  analyses  of.  6. 

defined,  2. 

mentioned,  34,  37. 
Sub-Carboniferous,  tee  Loww  Carixmifoxiua. 
Sudbury.  Ont..  86.  550. 
Sullivan,  E.  C,  cited,  325. 
Sulphides,  argentiferous,  468. 

auriferous,  468. 
Sulphur,  analysis  of,  Utah,  278. 

distribution  of,  277. 

gypsum  type,  277. 

imports  of,  280. 

metallic  sulphide  type,  277. 

mineral  spring  tyi>e.  276. 

origin  of.  277.  278,  279. 

production  of,  280. 

references  on.  281. 

solfataric  type.  276. 

uses  of,  279. 
Sulphurdale,  Utah,  278. 
Sulphur  in  coal,  5. 
Summerland  oil  field,  Calif..  75. 
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Summit  County*  O.,  168. 

Summit  County,  Utah,  4M. 

Sumner  County,  Tenn.,  191. 

Sunriae,  Wyo.,  871. 

Sunset  field,  Calif.,  75. 

Suasex  County,  N.  J.,  432. 

Swain  County.  N.  C,  288. 

Swanton.  Vt.,  114. 

Sylvanite,  468. 

Ssmgenetic  deposits,  interstratified,  306. 

magmatic,  306. 

placers,  308. 

sedimentary,  307. 
Syracuse,  O.,  171. 


Tabbyite.  88. 

Talc,  analyses  of,  288. 
distribution  ol,  286. 
imports,  289. 
origin,  286. 
production,  289. 
properties  and  ooeurrenoe,  286. 
references  on,  289. 
usee  of.  288. 

Tallapoosa  County,  Ala.,  243. 

Tantalite,  558. 

Tantalum,  references  on,  558. 
sources  of,  558. 

Telluride,  Colo.,  484. 

Telluride  quadrangle,  Colo.,  gold-sQver  de- 
posits, 485. 

Tellurides  of  gold.  468. 

Tellurium,  558. 

in  copper  ore.  396. 

Ten  Mile  District,  Colo.,  silver-lead  ores,  463. 

Tennantite,  395. 

Tennessee,  barite,  220 ;  bauxite,  519 ;  coal, 
21,27;  copper,  417;  fluorspar,  230 
lead,  435 ;  lime,  146 ;  limonite,  384 
marble.  114 ;  mineral  paint,  257 
petroleum,  68;  phosphate,  190 
pottery  day,  133 ;  stoneware  clay, 
133;  line,  435. 

Terlingua,  Tez..  534. 

Terlinguaite,  535. 

Terra  alba,  261. 

Terra-cotta  clay,  defined,  130. 

Tertiary.  33,  34,  37,  76.  77,  79,  80,  81,  86,  88, 
112, 118, 132, 133. 161, 166. 175, 188. 
190, 197.  224, 235. 236,  239, 240,  295. 
384, 398, 409, 410,  470. 480, 481, 486, 
489.  490,  496,  519,  539. 

Tesla,  Calif.,  35. 

Tetrabedrite.  395. 
argentiferous,  469. 

Texas,  cement,  152 ;  coal,  32 ;  fire  clay.  133 ; 
granite,  100  ;  guano,  197  ;  gypsum, 
183  ;  limonite,  384  ;  mercury,  534  ; 
natural  gas.  84;  oil  asphalt,  89; 
petroleum,  77 ;  salt,  167 ;  stone- 
ware clay,  133 ;  sulphur,  279. 

Texas  Creek.  Colo.,  254. 

Texsa-Louisiana  oil  field,  77. 

Thermopolis,  Wyo..  278. 

Thetford  Mines.  Que..  216. 

Thomas  coal.  25. 

Thorium.  264. 

Tick  Cafion.  Calif.,  176. 

Tioonderoga,  N.  Y.,  244* 


Tile  days,  dlstributkm  of,  134. 
Tin,  dikes,  559. 

distribution  in  United  Stotes.  56a 

mode  of  occurrence.  550. 

ore  minerals  of,  558. 

per  cent  required  in  ore,  840. 

placers,  550. 

production  of,  561. 

references  on,  562. 

q>ring  deposits,  560. 

uses  of,  561. 

veins,  559. 

origin  of,  319. 
Tincal,  174. 
Tintio,  Utah,  382. 
Tintio  District,  Utah,  466. 
Tintio  Mountains,  466. 
Titanium,  distribution  in  United  States,  561. 

ore  minerals,  562. 

references  on,  563. 

uses  of,  563. 
Tiverton,  R.  I.,  242. 
Tombstone,  Aris.,  382. 
Tonopah,  Nev.,  557. 

gold-silver  deposits,  498. 
Topas,  pr(q;>erties  of,  269. 

sources  of,  269. 
Torbanite,  90. 

Torrance  County,  N.  Mex.,  167.  , 
Tourmaline,  properties  of,  270. 

sources  of,  270. 
Travertine,  defined,  112. 
Treadwell  mine,  Alas.,  502. 
Trenton  formation.  71,  83,  84,  114,  145,  151, 

220,443. 
Triasdc,  117,  132,  183,  219,  343,  357,  419,  420, 

528. 
Trinidad,  asphalt,  88. 
Tripoli,  analyses  of,  290. 

as  abrasive,  205. 

properties  and  occurrence,  200. 

references  on,  291. 

uses  of,  291. 
Trousdale  County,  Tenn..  230. 
Tufa,  calcareous,  defined,  112. 
Tulare  County,  Calif.,  248. 
Tully  formation,  152. 
Tulsa,  Okla.,  75. 
Tungsten;  distribution  in  United  States,  564. 

ooeurrenoe  of,  563. 

ore  minerals,  563. 

production  of,  565. 

references  on.  566. 

uses  of,  564. 
Tuolumne  County.  Calif.,  496. 
Turquoise,  properties  of,  270. 

sources  of,  270. 
Turquoise  Mountain,  Aris..  270. 
Tuscaloosa  formation,  519. 
Tyler  County,  W.  Va.,  83. 
Type  metal,  452.  539. 
Tyson  coal,  25. 

U 

Uinta  County,  Utah,  88. 

Uinta  County,  Wyo.,  80,  81. 

Uintaite,  88. 

Ulexite,  174. 

Ulster  County,  N.  Y..  146. 

Umber,  defined,  257. 
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Underground  waters,  398. 

Union  Ck)unty,  111.,  205,  291. 

Upper  Barrion  Mea«urea,  21,  2S,  29. 

Upper  Carboniferous,  194,  464. 

Upper  Cretaceous,  633,  534. 

Upper  Freeport  ooal,  25. 

Upper  MiaaisBippi  Valley,  lead  and  lino  area, 
443. 

Upper  Productive  Measures,  21. 

Uranium,  references  on,  567. 
sources  and  distribution,  566. 
uses  of,  666. 

Utah,  antimony.  539 ;  cement,  162 ;  ooal,  34 ; 
copper,  413;  gilsonite,  88;  gc^d, 
479 ;  gypsum,  183 ;  lead,  464,  466 ; 
manganese,  528';  natural  coke,  4 ; 
osokerite,  86 ;  opal,  268 ;  phoq>hate, 
193;  salt,  159;  silver,  479;  sul- 
phur, 278;  topas,  269;  uraniiun, 
566 ;  vanadium,  566 ;  volcanic  ash, 
204 ;  wurtsilite,  88. 

Utica,  111.,  147. 

Utioa  shale,  83. 


Vadose  water,  311. 
Valley  ores,  382. 
Valparaiso,  Ind.,  235. 

Vanadium,  qccurrence  and  distribution,  566. 
references  on,  567. 
uses  of,  566. 
Van  Hise,  C.  R.,  cited.  313,316, 334, 340.  370. 

441.442. 
Vant  Hotr,  J.  H..  cited.  179. 
Variscite.  properties  of.  271. 
Veatoh.  A.  C,  cited,  277. 
Veatch.  O..  cited.  519. 
Vein  bitumens,  85. 
Veinlets,  defined,  331. 
Veins,  bedded,  332. 
fissure,  defined,  329. 

filling  of,  332. 
foot  wall,  331. 
pMh,  332. 
hanging  wall,  331. 
linked.  331. 
lode,  defined.  331. 
material,  defined,  329. 
splitting  of,'  330. 
strike  of,  331. 
systems  of.  331. 
Vein  stone,  defined.  329. 
Venetian  red,  261. 
Verdolite.  116. 
Vermilion  formation,  261. 
Vermilion  range,  Minn..  369. 
Vermont,  asbestos,  212 ;    granite,  109 ;    man- 
ganese, 527  ;    marble.  113 ;    ooher, 
258;    slate,  120;    talc.  288;    whet- 
stones, 203. 
Villa  Rica.  Ga.,  283. 
Vinton  County,  O..  71. 
Virgilina.  Va..  copper  ores.  417. 
Virginia,  apatite.  187  ;  arsenic,  541 ;  asbestos, 
213;    barite,    218;    bauxite.    520; 
cement,  147  ;  coal,  26 ;  cobalt.  549  ; 
copper.      417 ;       corundum,      207 ; 
diatomaoeous  earth,  224 ;    granite, 
109;     graphite.    243;     greensand. 
197  ;  gypsum.  183 ;   hematite,  373 ; 


kaolin,  132;  lead.  436;  Hmoalte, 
381 ;  mangetite,  352 ;  mangawtae. 
524;  mica,  254;  millstones.  202; 
natural  coke,  4 ;  niok^,  549 ;  phos- 
phate, 195 ;  pyrite,  282 ;  salt.  105  ; 
siderite,  385 ;  slate,  120 ;  soapatone, 
286 ;  tantalum,  558 ;  titanium,  54S2  ; 
sine,  435. 

Virginia  City,  Nev.,  494. 

Vogt,  J.  H.  L..  cited,  310,  316.  322,  340.  559. 

Vola  limestone,  534. 

Volcanic  ash,  204. 
for  cement,  141. 
references  on,  210. 


W 

Wabash  group,  29. 

Wad,  522. 

Wagoner,  cited,  300. 

Wallace,  Ido.,  458. 

Wallace  formation,  459. 

Wardner,  Ido.,  458. 

Warren  County.  N.  Y.,  205,  243. 

Warren  County,  Pa.,  83. 

Warren  District,  Aris.,  407. 

Warrior  ooal  field,  27. 

Wasatch  County,  Utah,  88. 

Wasatch  Range,  Utah,  464. 

Washington,  arsenic,  541 ;  basalt,  110;    ooal, 

35;   gold,  477;   granite,  110;  opal, 

268;    silver,  477. 
Washington  County,  Mo..  218,  420. 
Washington  County,  N.  Y..  242. 
Washington  County,  Pa.,  83. 
Washington  County,  Va.,  165. 
Washita  limestone,  534. 
Washoe  County,  Nev.,  167. 
Water,  artesian,  294. 

accumulation,  293. 

Atlantic  Coastal  Plain.  295. 

conditions  of  acctmiulation,  204. 

Great  Plains,  255. 

in  crystalline  rocks,  206. 

in  stratified  beds,  295. 

references  on,  297. 

Wisconsin,  295. 
Juvenile,  defined.  318. 

magmatic,  agent  in  ore  formation,  816,  317. 
meteoric  as  collecting  agent  of  metallic 

minerals.  313. 
objections  to  Van  Hise*s  theory,  317. 
Van  Hise's  theory.  313. 
mine,  analyses  of,  311. 
vadose,  311. 
Watson,  T.  L.,  cited.  187,  221,  2M,  636. 
Wausau,  Wis.,  109,  274. 
WaveUite,  291. 

references  on,  291. 
Webster  County,  I&..  182. 
Weed.  W.  H.,  cited.  312.  817,  823.  340.  309. 

402,  414,  417.  462. 
Weeks  Island,  La.,  167. 
Weigert  formation,  179. 
Weisner  quartsite,  220.  358,  536. 
Wellston  coal,  25. 
Westerly,  R.  I..  109. 
Western  Interior  coal  field,  30. 
Westfield  Pool,  111..  74. 
West  RutUmd,  Vt.,  114. 
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Watt  VirginiA,  bromine,  171 ;  ooal,  25 ;  fire 
clay,  132;  glees  eand,  239;  gr»- 
hemite,  86 ;  grindetonee,  202 ;  limo- 
nite,  384;  natural  gae,  83;  petro- 
leum, 68 ;   aalt,  166 ;   aiderite,  386. 

Wetiel  County,  W.  Va.,  83. 

Whetrtonee,  properties  of,  202. 
referenoee  on,  210. 

White,  D.,  cited,  3,  16. 

White.  I.  C,  62,  63,  86. 

White  lead,  261. 

White  metal.  453. 

White  Pine  County,  Nov.,  416. 

Whitney,  J.  D.,  cited,  360. 

Wichita  Mountains,  Oklahoma,  100. 

Wilkesbarre,  Pa.,  17. 

Wilkinson  County.  Qa.,  510. 

Willemite,  426. 

Williams,  Q.  H..  cited,  208. 

Williams,  J.  F.,  cited.  267. 

WOliamaon  County.  Tenn.,  191. 

Wilmot,  Va..  224. 

Wilson  County,  Tenn.,  230. 

Winchell.  H.  V.,  cited,  334. 

Winslow.  A.,  cited,  309.  441. 

Wisconsin,  artesian  watws,  205;  brick  clay, 
134;  cement.  147;  Clinton  ore, 
373;  granite,  100;  graphite,  243; 
limonite.  385 ;  lead,  443 ;  hematite, 
368;  quarts,  274;  rhyolite.  111; 
sandstone,  117 ;   sine,  443. 

Wise  County,  Va..  373. 

Woodbine  formation,  79. 

Wood  tin.  559. 

Wolframinium.  defined,  520. 

Wolframite,  563. 

Wulfenite,  547. 

WurtsUite,  87. 

Wurtsite,  426. 

Wyoming,  asbestos,  214;  ohromite,  546; 
ooal,  33;    eopper,  420;    graphite, 


243 ;  gypsum,  183 ;  hematite.  371 ; 
palladium.  557 ;  petroleum,  80 ; 
phoq>hate,  193;  platinum,  556; 
sodium  sulphate.  172;  sulphur. 
278 ;  tin,  560 ;  titaniferous  iron  ore, 
363;  volcanic  ash,  204. 
Wyoming  County,  N.  Y.,  163. 


Yampa  coal  field,  33. 
Yogo  Gulch,  Mont.,  269. 
York  re^on,  Alas.,  561. 
Yukon  River,  Alas.,  37. 
Yukon  Valley,  Alsa.,  502. 
Yuma  County.  Aris.,  230. 


ZaHnski.  E.,  cited,  271. 

Zinc,  alone,  distribution  in  United  BUtes.  482. 
conditions  of  formation,  428. 
distribution  in  United  Stotes.  428. 
importance  of  different  districts,  432. 
mode  of  occurrence,  427. 
ore,  impurities  in,  427. 

gold  and  silver  bearing,  472. 
grouping  of,  427. 
iodine  in,  177. 
minerals  of,  426. 
weathering  of,  428. 
per  cent  reqiiired  in  ore,  840l 
production  of,  453. 
references  on,  456. 
uses  of,  452. 
Zinc  white.  261. 
Zincite,  426. 
Zircon,  264. 
Zone  of  fracture,  313. 
Zone  of  rock  flowage,  313. 


'  I  ^HE  following  pages  contain  ad- 

vertbements  of  a  few  of  the 

Macmillan  books  on  kindred  subjects 


COMMENTS   ON   THE  FIRST   EDITION  OF 


Economic  Geology 
of  the  United  States 
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**  Altogether  the  work  is  an  admirable  one,  and  we  strongly  commend  it  to 
teachers  in  this  country  as  a  source  of  concise,  accurate,  and  recent  information 
regarding  the  mineral  deposits  of  the  United  States."  —  Naiure. 

"All  general  introductory  geological  or  mineralogical  matter,  the  reader  is 
supposed  to  have  acquired.  For  less  important  matter  slightly  smaller  type  is 
used.  The  style  is  condensed  to  the  last  degree,  but  not  at  the  expense  of  its 
clearness,  which  is  French.  The  result  is  a  compact  and  excellent  book — one 
that  every  broad-minded  business  man  should  have,  and  that  deserves  the  wide 
acceptance  which  it  is  Ending.*' — Science. 

"The  most  satisfactory  text-book  available."  —  American  Geologist. 

"It  is  precisely  the  sort  of  book  desired  by  James  F.  Kemp,  when|  in  a 
presidential  address  before  the  New  York  Academy  of  Sciences,  he  said  that 
some  accurate  knowledge  of  the  manner  of  occurrence  of  the  metals  in  the  earth, 
and  their  amount  in  ores  which  admit  of  practicable  working,  should  be  a  part 
of  the  intellectual  equipment  of  every  well-educated  American.  So  funda- 
mental are  these  facts  in  all  our  industrial  development  that  they  should  be  in 
the  possession  of  every  intelligent  citizen,  and  are  of  course  essential  tto  the 
fullest  success  of  mine  operators  and  others  who  are  interested  in  making  these 
resources  available."  —  PkUadelpkia  Record. 
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COMMENTS 


"  I  am  more  than  pleased  with  your  new  '  Economic  Geology  of  the  United 
States.'  An  introduction  to  this  subject,  fully  abreast  of  its  recent  progress,  and 
«ipeciaUy  adapted  to  American  students  and  readers,  has  been  a  desideratum. 
The  book  is  admirably  suited  for  class  use,  and  I  shall  adopt  it  as  the  text-book 
for  instruction  in  Economic  Geology  in  Colorado  College.  It  is  essentially 
accurate,  while  written  in  a  pleasant  and  popular  style,  and  is  one  of  the  few 
books  on  practical  geology  that  the  general  public  is  sure  to  pronounce  readable. 
The  large  share  of  attention  given  to  non-metallic  resources  is  an  especially 
valuable  feature."  —  Francis  W.  Cragin,  Professor  of  Geology y  Mineralogy,  and 
Paleontology  at  Colorado  College. 

**I  have  examined  Professor  R.  S.  Tarr's  'Economic  Geology*  with  much 
pleasure.  It  tills  a  felt  want.  It  will  be  found  not  only  very  helpful  to  students 
and  teachers  by  furnishing  the  fundamental  facts  of  the  science,  but  it  places 
within  easy  reach  of  the  business  man,  the  capitalist,  and  the  statesman,  fresh, 
reliable,  and  complete  statistics  of  our  national  resources.  The  numerous  tables 
bringing  out  in  an  analytic  way  the  comparative  resources  and  productiveness  of 
our  country  and  of  dififerent  states,  are  a  specially  convenient  and  admirable 
feature.  The  work  is  an  interesting  demonstration  of  the  great  public  importance 
of  the  science  of  geology."  —  James  E.  Todd,  Slate  Geologist,  South  Dakota. 

'^  It  is  one  of  those  books  that  is  valuable  for  what  it  omits,  and  for  the  concise 
method  of  presenting  its  data.  The  American  engineer  has  now  the  ability  to 
acquire  the  latest  knowledge  of  the  theories,  locations,  and  statistics  of  the  leading 
American  ore  bodies  at  a  glance.  Were  my  course  one  of  text-books,  I  should 
certainly  use  it,  and  I  have  already  called  the  attention  of  my  students  to  its 
value  as  a  book  of  reference."  —  Edward  H.  Williams,  Professor  of  Mining^ 
Engineerings  and  Geology  at  Lehigh  University. 

"1  have  taken  time  for  a  careful  examination  of  the  work;  and  it  gives  me 
pleasure  to  say  that  it  is  very  satisfactory.  Regarded  simply  as  a  general  treatise 
on  Economic  Geology,  it  is  a  distinct  advance  on  anything  that  we  had  before  ; 
while  in  its  relations  to  the  Economic  deposits  of  this  country  it  is  almost  a  new 
creation  and  certainly  supplies  a  want  long  and  keenly  felt  by  both  teachers  and 
general  students.  Its  appearance  was  most  timely  in  my  case,  and  my  class  in 
Economic  Geology  are  already  using  it  as  a  text -book."  — William  O.  Crosby, 
Assistant  Professor  of  Structural  and  Economic  Geology  at  the  Massachusetts 
Institute  of  Technology. 
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Professor  of  Agriculture  in  the  University  of  California,  and  Director  of 
the  California  Agriculture  Experiment  Station. 
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This  work,  originally  designed  as  a  text-book  for  the  writer's  University 
classes  in  agriculture,  has  been  considerably  expanded  in  response  to  a  wide- 
spread demand  for  a  book  which  should  present  the  principles  and  practices 
of  agriculture,  not  only  in  connection  with  the  humid  regions  as  has  mostly 
been  done  in  existing  works,  but  equally  so  in  respect  to  the  arid  regions. 
The  important  and  often  critical  differences  between  the  soil  conditions  of 
the  two  regions  and  of  the  corresponding  differences  in  practice  are  only 
casually  referred  to  in  most  existing  works.  This  painful  gap  in  agricultural 
literature  Dr.  Hilgard  fills  upon  the  basis  of  a  prolonged  personal  experience 
both  in  the  humid  and  arid  regions  of  the  United  States. 

In  order  to  adapt  the  volume  to  popular  as  well  as  professional  readers  the 
text  is  printed  in  two  different  kinds  of  type.  The  larger  contains  the  matter 
which  is  essential  to  any  intelligent  student  of  the  subject  and  which  will  be 
found  interesting  by  any  farmer  or  man  with  a  country  place.  In  the  smaller 
type  is  contained  the  more  strictly  scientific  and  technical  matter. 

"  Dr.  Hilgard,  by  reason  of  his  special  and  long-continued  attention  to  the 
chemistry  of  soils,  and  his  intimate  acquaintance  with  the  subject,  was  pecu- 
liarly well  fitted  for  the  task  to  which  he  applied  himself  in  the  preparation 
of  the  present  work.  It  is  concise  and  yet  exhaustive.  Every  phase  of  the 
topic  is  thoroughly  treated.  Soils  are  discussed  with  relation  to  their  origin, 
properties,  and  composition  as  well  as  to  the  climate  and  their  adaptability  to 
various  crops  and  plant  growths;  also  with  regard  to  irrigation  and  fertiliza- 
tion. A  vast  amount  of  scientific  knowledge  has  been  compressed  into  the 
book,  set  forth  in  lucid  style  so  as  to  be  readily  understood  by  any  intelligent 
reader.  Technical  terms  are  as  far  as  possible  avoided  and  the  volume  is 
thoroughly  practical.  No  farmer  or  fruit  grower  can  afford  to  be  without  the 
information  contained  in  Soils,  And  while  the  work  is  necessarily  ezpensive» 
it  is  well  worth  the  price."  —  The  Evening  Bee^  Sacramento. 
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An  Introduction  to  Geology 

By  WILLIAM  B.  SCOTT 

Blair  Professor  of  Geology  and  Palaeontology  in  Princeton  University 
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This  is  intended  to  serve  as  an  Introduction  to  the  science  of  Geology,  for  both 
students  who  desire  to  pursue  the  subject  exhaustively,  and  those  who  wish 
merely  to  obtain  an  outline  of  the  methods  and  principal  results  of  the  science. 
This  is  not  one  of  the  text -books  which  always  pronounce  a  definite  and  final 
opinion.  The  author  holds  that  in  no  science  are  there  more  open  questions 
than  in  Geology,  in  none  are  changes  of  view  more  frequent,  and  in  none  is  it 
more  imp>ortant  to  emphasize  the  distinction  between  fact  and  inference,  between 
observation  and  hypothesis.  The  student  is  here  encouraged  to  weigh  evidence 
and  balance  probabilities  and  to  suspend  judgment  when  the  testimony  is  in- 
sufficient to  justify  decision.  The  author  is  an  advocate  of  the  new  geology,  and 
his  book  presents  all  the  latest  advances  in  science.  The  book  is  very  fully 
illustrated,  many  of  the  plates  being  from  photographs  taken  by  the  United 
States  Geological  Survey. 

Professor  C.  R.  Van  Hise,  University  of  Wisconsin :  I  have  looked  the  book 
through  with  increasing  pleasure.  The  latest  advances  in  American  Geology 
have  been  taken  advantage  of,  so  that  the  book  is  up  to  date.  American  in- 
structors in  geology  have  been  waiting  a  long  time  for  a  book  which  could  be 
used  satisfactorily  as  a  guide  in  an  opening  course  in  geology.  Professor  Scott's 
book  seems  to  be  admirably  adapted  for  this  purpose. 

Professor  B.  K.  Emerson,  Amherst  College :  Professor  Scott's  Geology  seems 
to  me  excellently  Btted  for  my  beginners  at  Smith  College,  and  I  shall  try  it 
there  next  year.     It  is  a  fine  book. 

Rocks,  Rock-weathering,  and  Soils 

By  GEORGE  P.  MERRILL 

Curator  of  Department  of  Geology,  United  States  National  Museum,  and  Professor 

of  Geology  in  the  Corcoran  Scientific  School,  etc. 

With  many  Illustrations    Full-page  Plates  and  Figures  in  the  Text 

Cloth    8vo    Price  $4.00  net 

''This  is  one  of  the  most  useful  and  most  satisfactory  manuals  that  has  ap- 
peared in  recent  years,  possessing  as  much  interest  for  the  geographer  as  for  the 
geologist."  —  Bulletin  Anter.  Geog.  Society. 

**  In  treatment,  as  in  subject,  Professor  Merrill's  work  is  notable.  It  is  strictly 
up  to  date,  embracing  the  results  of  the  latest  researches,  and  duly  recognizing 
the  work  of  contemporary  investigators ;  also  it  is  made  admirable  mechanically 
by  clear  typography,  good  paper,  excellent  illustrations,  and  a  full  index."  — 
National  Geographic  Magazine, 

"A  book  brimful  of  facts  obtained  by  workers  in  'divers  fields.  The  work 
forms  a  highly  important  addition  to  our  practical  knowledge  of  geology."  --> 
Scientific  American. 
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